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A New Era... 


The synthesis of Chloromycetin in the Parke-Davis 
Research Laboratories and its subsequent production 
on a large-scale manufacturing basis by a synthetic 
process marked the beginning of a new era in chemo- 
therapy. Now that this life-saving drug is freely available, 
clinicians throughout the world are acclaiming its 
success in an impressive range of infections. Many 
previously intractable conditions can now be controlled 
by this single therapeutic agent. 
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Proceedings of the Royal Society of Medicine 


Section of Physical Medicine 
President—W. YEOMAN, M.D. 


[December 13, 1950] 


DISCUSSION ON THE TREATMENT OF INTERMITTENT CLAUDICATION 


Professor A. Kekwick: In the last two years the problems of patients with intermittent claudication have 
engaged the attention of Dr. R. Semple, Dr. E. L. McDonald and myself in the Medical Unit at the Middlesex 
Hospital, and we wish to present some studies on a small series of cases in whom the diagnosis of intermittent 
claudication due to obliterative arterial disease was not in doubt. We have little new to offer but would like to 
reaffirm some general principles which are in danger of being lost. These are: 

(1) Obliterative arterial disease causing intermittent claudication is usually associated with generalized arterial 
disease. 

(2) The problems of treatment resolve themselves into: 

(a) The prevention of gangrene. 
(b) The prevention of pain during exercise. 

It might be considered that the first proposition is outside the scope of the meeting and should be excluded 
but if this were done it would narrow the discussion too much. If the proposition is true, the management 
and treatment of these patients should be viewed against the background of their individual prognoses which 
is the prognosis of their general arterial disease. On two occasions, for example, we have seen improvement in 
the claudicating distance coincide with the onset of angina pectoris, and no one would recommend a major 
s-rgical procedure for the relief of intermittent claudication in the presence of serious heart disease. 

Careful examination of 45 consecutive cases attending our clinic showed 47 abnormal findings in 26 patients, 
viz.: 9 had angina pectoris, 9 had hypertension, 5 had had cardiac infarction, 3 had had cerebrovascular 
accidents, | had cardiac enlargement of undetermined etiology, 1 had aortic stenosis probably atherosclerotic, 
19 had arteriosclerotic changes in the vessels of the fundi. 

These indices, when employed as methods of determining cardiovascular disease, are gross and inexact. A 
clinician attempting to assess early changes takes into account other findings such as the comparison between 
the apparent and chronological ages of the patient, the mental behaviour particularly as regards memory, the 
family history, &c. These findings are difficult to record but it is our belief that even in the remaining 19 patients 
the symptom of intermittent claudication was accompanied by a more widespread disturbance of the arterial 
tree: such an impression, however, can only finally be confirmed by a follow-up study of these patients. We 
await the result of such a series as Professor Boyd’s with great interest. 

The prevention of gangrene and the relief of pain on exercise are two separate problems. 

Administration of adrenaline to normal subjects is followed by a lowering of foot volume and a slight increase 
in the volume of the leg at calf level. If the first indicates vasoconstriction the second must indicate either an 
increase or little change in vascular content of the muscles of the calf. If such a finding bears any relation to the 
sympathetic control of limb vessels then clearly there are drugs and procedures which will affect those of the 
skin without altering those in muscle. 


The prevention of gangrene.—It is fortunately easy to measure skin and foot blood flow by means of skin 
temperature which provides an accurate assessment of the relative measure of dysfunction. 

There are a number of drugs which raise skin temperature and lumbar sympathectomy also achieves this in 
a most satisfactory manner. Both drugs and operation can be undertaken for the relief of such symptoms as 
coldness of the feet (this may be so severe as to prevent sleep), and it would seem reasonable to suppose they 
would prevent the onset of gangrene. Little information is at present available as to which patients will 
develop gangrene, so either treatment must be undertaken on a speculative basis. 

Of the drugs available, Priscol, an imidazoline derivative, seems to us to be best at the moment. Its action 
is sy~patholytic and adrenolytic, and undesirable side-effects, associated with lowering of the blood pressure, 
are less than with others of similar efficiency. 

Scrupulous care of the feet probably remains the most important single measure, however, in preventing 
ganerene, 

Relief of pain on walking.—The core of this problem is that there is no satisfactory objective method of 
asses«ing the increase of blood supply to muscles during and after walking. Plethysmographic records have 
the  sadvantage that they cannot be applied during walking and alternative forms of exercise must be employed. 
Sem -le, McDonald and Ekins (1951) have done studies with the rate of Na** clearance from muscles and ha‘e 
con | ided that this method is of little value (Figs. 14, 1B). Tonoscillography after exercise (Fjrup, 1948) hes 
pro. Jed some indication of blood flow behaviour though it does not measure blood flow. His findings hae 
bee: confirmed by McDonald and Semple, and Fig. 2 illustrates the difference in behaviour of the pulsations 
in t! - legs in normals and patients with intermittent claudication, after exercise. At the moment this method 
pro’ “jes useful objective confirmation of the clinical diagnosis but little guide to the efficacy of treatment. 
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Fic. 1a4.—Clearance rates of radioactive 
sodium from gastrocnemius muscle at rest 
in normals and patients with intermittent 
claudication show no significant difference 
between these groups. 


claudication show no difference between the 


FiG. 1B.—Ratio of resting to postexercise clearance 
rates in normals and in patients with intermittent 
groups, 


(Figs. 1A and 1B are from Semple et al., Amer. heart J., 1951, 41, 806, 807, by courtesy of the C. V. Mosby Co.) 
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Fu. 2. —Tonoscillograms from a normal subject (above) showing an increase in the magnitude of puls: tions 


after exercise, contrasted with their diminution in a patient with intermittent claudication (below). 


The physician therefore has to fall back on the patient's statement regarding how far he can walk before the 


onset of pain. Three difficulties present themselves. 


Firstly, the patient may spontaneously improve ari we 


have several patients who were suffering from intermittent claudication to a crippling degree with pain de\ lop- 
ing at 50 to 100 yards, and who have improved after a period of bed rest till they now no longer claucicate 


except under abnormal circumstances. 


Secondly, any associated condition such as anemia, heart disea-e or 


obesity may affect their performance. Correction of these alone alters the claudicating distance. Th “dly, 


patients learn certain tricks whereby they avoid the pain of claudication. 


It is interesting that nearly tv enty 


years ago the late Sir Thomas Lewis wrote “In gauging progress the patient’s unaided experience is mislec ing. 
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Some learn to escape the pain by throwing less strain on affected muscles but deliberate tests show that improve- 
ment is imaginary and not real.” 

The mechanism of such tricks is of the greatest interest because if one could deliberately employ them it might 
be possible to offer a considerable measure of relief. 

Flec:romyographic studies by Floyd and Silver of the Department of Physiology at the Middlesex Hospital 
(1951) have demonstrated that the main activity of the two calf muscles takes place during the time the foot 
is firmly on the ground, and that the swinging of the leg forward when no weight is upon it is not accompanied 
by much muscular activity. Furthermore patients with intermittent claudication in one leg show different 
patterns in the affected leg as contrasted with the normal. 

One of the simplest tricks that these patients learn is to walk more slowly. Fig. 3 illustrates in 2 patients that 
the slower their speed the longer claudication pain takes to develop. We have studied 7 patients at fortnightly 
intervals for a period of over six months and it is of interest that in all of them we have been able to find a 
speed at which they do not develop pain. : 

Increase in the speed of walking also involves an increase in the step rate. Fig. 4 shows the effect of comparing 
different step rates at a fixed walking speed. It would appear that the rate of walking exerts a more profound 
effect on the claudicating distance than the step rate. 
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Fic. 3,—Graph showing the increase in claudicating Fic. 4.—Graph showing increase in claudicating 
distance in 2 patients with diminution of the walking distance in | patient walking at a constant speed 
speed with the decrease in step rate. 


If the efficacy of our methods of treatment is to be judged on the distance at which the patient develops 
pain, many factors will affect our assessment of results unless these are carefully controlled. There can be little 
doubt that whatever the methods of treatment employed, the more encouragement these patients have, the 
better they do. In the present stage of knowledge the means used to achieve results should merely satisfy the 
condition that they will do no harm. 

If ! may summarize our present beliefs about the treatment of these patients, they are: The first step should 
be an attempt to assess the extent of general arterial disease and that treatment should be instituted against this 
background. The next step should be the correction of any associated abnormality such as anemia or obesity, 
&c. This treatment alone will improve the patient's performance. Attempts should be made to prevent gangrene 
by care of the feet, the administration of Priscol and possibly sympathectomy. Improvement of the pain on 


walking, ie. increase of the claudicating distance, should be achieved by rest in the early stages; later these 
patients should be seen regularly and encouraged energetically. Many will improve spontaneously, more 
will learn tricks which will allow them a reasonable life. In particular they must learn to slow down their rate 


of walking. This is very difficult for some energetic and restless patients. Many methods of treatment may be 
of value but the most stimulating possibilities probably lie in the development of methods designed to relieve 
part!y the posterior calf muscles of their physiological responsibilities during walking. 


REFERENCES 
I P, B. (1948) Acta med. scand., 130, Suppl. 211. 
I b, W. F., and Sitver, P. H. (1951) Personal Communication. 
Stece, R., MCDonaLp, E. L., and Exins, R. P. (1951) Amer. heart J., 41, 803. 


Professor A. M. Boyd: A. The underlving arterial condition.—The underlying arterial condition in the great 
maj: ty of patients complaining of exercise pain in the calf muscles is senile obliterative arteritis. It is important 
to la. stress on the fact that the degenerative arterial changes are not confined to old age; they are seen in 
Patic *s of widely varying ages. Atheroma has been recorded in young children and it is by no means rare 
in th. third decade; it is the most frequent cause of occlusive arterial disease between the ages of 30 and 40 
year. and it accounts for almost all cases of organic obliterative arterial conditions after the age of 40 years. 
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Arteriographic studies of patients suffering from senile obliterative arteritis carried out over the la.t twenty 
years show that there are three sub-groups: (a) diffuse obliterative arteritis; (b) secondary popliteal thr »mbosis; 
(c) secondary femoral thrombosis. 

(a) Diffuse obliterative arteritis—Arteriography shows narrowing and irregularity of the main vessels with 
a beaded appearance of the larger branches. Sometimes the pathological changes seem to fall principally on 
the main vessels; the smaller branches are abundant and the collateral circulation is well developed. There is 
often calcification in the arterial walls. In others, the changes in the main vessels are less marked; the most 
notable features are the paucity of muscle branches, which appear to end abruptly, the absence of collateral 
anastomoses and pronounced muscle wasting. 


(b) Secondary popliteal thrombosis.—Thrombosis of the popliteal artery occurs in more than half the patients 
with diffuse arterial disease. Thrombosis of the popliteal artery begins at the level of the upper border of the 
femoral condyles. Localization of thrombosis to this segment is probably due to the repeated minor injuries 
caused by flexion and extension of the knee-joint. Thrombosis beginning in the condylar region may extend 
upwards, downwards or in both directions. The extent of thrombosis is probably determined by the calibre of 
the branches leaving the arterv, the proximal spread being limited by the brisk flow through the anasiomotica 
magna, and distal spread by the flow through a large sural artery. The onset of thrombosis may be determined 
by injury or by lowering the blood pressure with diminution of the blood flow due to confinement to bed by 
reason of illness or operation. 

The effect of secondary popliteal thrombosis depends upon the degree to which the collateral circulation has 
aireadv develoned. If the calibre of the main vessels has been diminished gradually over a long period of time, 
the collateral circulation is well developed and the effect of a new lesion on the peripheral circulation negligible, 
but if thrombosis occurs early in the disease severe ischemia is bound to result. 

(c) Secondary femoral thrombosis.—Thrombosis of the superficial femoral artery is less frequent. In the series 
now reported it occurred in only about one-quarter of the patients. Arteriography shows occlusion of the 
superficial femoral artery from the adductor opening to the point where the profunda femoris leaves the main 
trunk. Thrombosis has been shown to begin in the region of the adductor opening, the proximal extension 
being limited by the brisk flow through the profunda femoris. 

Arteriograms in diffuse obliterative arteritis often show gross deformity of the femoral vessels at the level 
of the adductor onening, where the artery may be tethered to the tendon of the adductor magnus muscle. 
The occurrence of femoral thrombosis is determined by much the same factors as those of popliteal thrombosis. 
The effect on the limb depends, as in popliteal thrombosis, upon the extent to which the collateral circulation 
has already developed. Generally speaking the higher the block, the less marked the effect on the peripheral 
circulation. Femoral thrombosis should be suspected clinically if there is claudication in the calf of a limb 
which appears to be unusually healthy. Nutritional changes in the skin, nails and muscles—so commonly seen 
in secondary popliteal thrombosis—are seldom found when the femoral arteries are occluded. Nevertheless, 
in femoral thrombosis, distal extension with gangrene of the limb occurs more commonly than in popliteal 
thrombosis. 

Primary popliteal thrombosis.—Intermittent claudication is occasionally seen in young men under the age 
of 35 in whom there is no evidence, either clinically or by arteriography, of degenerative arteritis. Arteriography 
shows thrombosis of the popliteal artery involving the condylar segments and extending as in secondary popliteal 
thrombosis either upwards, downwards or in both directions. 

The remaining vessels appear normal. 

Histological examination of the occluded segment obtained by arteriectomy shows no evidence of degenerative 
or inflammatory changes in the arterial walls. The lumen is found to be occluded by healthy clot in various 
stages of organization. The wall of the artery is normal. Patients with this condition have been traced for 
ten years and there has been no further evidence of disease. This is in striking contrast with the after-history of 
patients with degenerative arterial disease. There seems to be little doubt that the cause of primary popliteal 
thrombosis is trauma; probably the effect of normal knee movement or minor strains causing intimal damage, 
leading to thrombosis. 7 

The possibility of traumatic thrombosis is increased if there is abnormal fixation in the popliteal tunnel due 
to inflammatory changes in the accompanying lymphatic vessels and veins. 

Traumatic thrombosis.—There were a few patients in the series with arterial thrombosis due to gross trauma 
and a few in which the arterial deficiency was brought about by ligation of the main vessels for one reason of 
another. Primary popliteal thrombosis and thrombosis due to gross trauma between them probably account 
for less than 1% of the patients suffering from intermittent claudication. 

This brief mention of the underlying arterial lesion in intermittent claudication is not irrelevant vecause the 
—— arterial condition influences the choice of treatment and will be referred to again in more detail 
ater. 

B. The diagnosis.—The large majority of patients complain of pain in the legs associated with v .lking- 
When not complicated by other phenomena, intermittent claudication is now universally recognized. It is 
not uncommon, however, to see a patient with pain not always relieved, and indeed sometimes accentu sted by 
rest. Often the patient is unable to give a lucid account, partly owing to the varying temporal and spatial re|ation- 
ships of the pain and partly owing to the onset of cerebral arteriosclerosis. In patients with this po(poutri 
of symptoms, arterial conditions should not be dismissed too readily as the possible cause. Intermittent 
claudication due to degenerative arterial disease occurs at an age period when other degenerative con: itions 
make their appearance. It is not surprising, therefore, that arthritis of the joints, fibrositis, chronic foot -train, 
and meralgia paresthetica are often seen in combination with, and masking intermittent claudication 
lack of recognition of arterial disease complicated by these factors leads to many elderly people—dea' slow 
of speech and thought—to spend many weary hours, shuffling patiently from clinic to clinic in search © relief 
from their sufferings. De 

Osteoarthritis of the hip and knees are the commonest complicating factors. Osteoarthritis of the hij gives 
rise to pain in any quadrant of the thigh and may extend to meet and blend with exercise pain. 
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If confined to the thigh, it may be confused with exercise pain due to high arterial block. In osteoarthritis 
of the knee the pain is often referred to the calf at the back of the knee, a distribution similar to that shown 
by R. P. Jepson for pain arising in the gastrocnemius muscles. The pain of osteo-arthritis of the ankle is referred 
to the front of the ankle-joints, extending distally on to the dorsum of the foot and proximally up the front of 
the leg, « distribution similar to that of pain arising from the anterior tibial muscle group. Osteo-arthritic pain 
comes on with walking but is not relieved by rest, usually becoming worse towards the end of the day. A 
patient with osteo-arthritis of the knee but also having intermittent claudication of the calf, therefore describes 
his pain as being present throughout the day and being made worse by walking and unrelieved by rest. 

Chronic foot strain often leads to widespread aching of the foot and leg. In this case the pain begins immedi- 
ately on walking, becoming worse as exercise continues and is gradually relieved by rest. The possibility of 
this condition masking intermittent claudication is obvious. 

Meralgia paresthetica may occur with intermittent claudication with osteo-arthritis as a further complication, 
and is a confusing. The distribution and character of the pain, however, enable a correct diagnosis 
to be reached. 

The ache of deep venous stasis may also blur the clear-cut picture of claudication. The delay in the elimination 
of the metabolites may greatly increase the time required for the relief of the discomfort. The various components 
of the diffusely painful limb can be sorted out by systematic blocking of nerves and joints with local 
anesthetics. 2% procaine is used for the nerves, and the joints are blocked by injection of 10 c.c. of 
}°, procaine buffered with acid potassium phosphate. 

C. Clinical grading.—Failure to notice the existence of different grades of claudication makes logical treatment 
of intermittent claudication impossible. “Success” claims for various drugs, regimes or physiotherapeutic 
methods are valueless unless the clinical grade or degree of severity is known. The patient’s walking ability 
is tested either on a claudicometer or by walking along hospital corridors of known length accompanied by a 
clinical observer. The patient is asked to describe, while he is walking, any pain or discomfort he may feel. 
The distance at which claudication begins is noted. The patient is urged to continue walking as long as possible. 
The distance at which he finally halts is noted. From the information thus gained the patient can be placed in 
one of three grades. In order to understand the rationale of the grading it is necessary to review the events 
taking place in muscle on exercise. The blood flow to resting muscle is scanty. On exercise, however, there is 
a great increase brought about by vasodilator metabolites produced by the contracting muscle. With continuing 
exercise the level of metabolites becomes steady when the rate of elimination equals the rate of production. 
Ina normal person equilibrium is reached below the threshold of pain. In the claudicant, however, with reduced 
blood flow, stabilization is only reached after the pain threshold has been crossed (Fig. 1). 

Grade I.—In grade I the blood supply and demand are almost equal; the slight deficiency, however, is 
sufficient to cause some delay in attaining maximum vasodilatation thus allowing metabolites to accumulate, 
the pain threshold being crossed before equilibrium is finally reached below this level (see Fig. 2). The patient 
finds, to his surprise, on continuing to walk after the onset of claudication, that the pain disappears, only to 
reappear again if the pace is increased. 

Any treatment in which the patient has confidence will relieve his pain. It is in grade I claudicants that 
physiotherapeutic measures such as contrast baths and exercise, diets and various proprietary drugs have 
acquired their reputation. 
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Fic. 1.—a,'Normal. b, Claudicant. Fic. 2.—Grade I claudication. 


G de I].—Here equilibrium is reached above the threshold of pain. On continuing to walk after the onset 
ofc’ udication, the patient says that the intensity of the pain remains much the same (Fig. 3). Eventually he 
stop: walking, not because of any increase in intensity but because of the persistence of the pain; naturally 
the » «tient with the less severe pain tends to walk further than the patient with the more severe pain. 








G. de I1I—Equilibrium is never reached in this grade; the gap between the muscle requirements and the 
Poss le supply is too wide to be bridged. Metabolites accumulate until pain becomes intolerable. The grade 
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III patient, on being urged on after the onset of claudication, states the pain is becoming worse, and heljis 
halted a little further on, in obvious agony (Fig. 4). nas 
D. Treatment.—The underlying principles of the treatment of intermittent claudication are simple, the 
objects being the improvement of the blood supply and the relief of pain. In practice, however, each individual 
patient’s problem must be carefully considered, the details of treatment depending on a number of ‘actors, 
an various factors which have to be considered in planning the treatment of the individual patien: will now 
reviewed. 


INTOLERABLE Pain 


PATIENT FORCED TO wacT 
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Fic. 3.—Grade II claudication. Fic. 4.—Grade III claudication. 


I. Clinical grading.—The most important single factor in determining the choice of treatment is the degree 
of severity or, in other words, the clinical grade into which the patient falls. The grade I patient is no problem 
at all. Any method of treatment in which he has confidence will relieve his pain, the discrepancy between 
blood supply and demand being so very slight that the stimulus to slight increase in the collateral circulation 
provided by physiotherapy or the proprietary vasodilator drugs is adequate. The grade II patient requires a 
genuine increase in blood flow to the limb to give him relief. As the maximum increase in blood flow can most 
rapidly be obtained by lumbar ganglionectomy—removing the first, second and third ganglia in order to denervate 
the vessels to the whole limb—this is the procedure of choice. There might, however, be other considerations 
which would make this procedure undesirable if comparable results could be produced by non-operative 
measures. We have such a method available to-day. Experience in the treatment of over a thousand patients 
complaining of intermittent claudication has shown beyond all reasonable doubt that a-tocopherol administered 
in adequate dosage over a sufficient length of time will give results little short of those obtained by sympathectomy. 
Vitamin E has, perhaps, fallen into disrepute for a variety of reasons. The preparation used in this series has 
been the synthetic a-tocopherol, Ephynal (Roche) and the dosage employed has been 400 mg. daily. This is 
not regarded as the optimum dose but as the minimum effective dose. The necessity for economy has prevented 
the large scale use of greater dosage although there is some evidence that this might be more rapidly effective. 
It is necessary to warn patients that improvement in their walking is unlikely to take place with less than three 
months regular dosage of Ephynal. In those patients in whom vitamin-E therapy has apparently failed it has 
been our experience that in the large majority of these cases the patient’s doctor has either not given a-tocopherol 
but some preparation of the vitamin-E complex with small amounts of a-tocopherol, or the substance has not 
been given at all. Occasionally it has been found that the patient has given up the treatment because of lack of 
improvement after a week or so, or because of inability to maintain a steady dosage. Other patients who have 
been referred to our clinic with a history of treatment with a-tocopherol without improvement have been shown 
to be grade III. Any attempt to treat the grade III patient by means designed to improve the blood supply to 
meet the demand is foredoomed to failure. In the grade III patient relief of pain can only be obtained by 
interrupting the sensory nerve supply to the affected muscles or by defunctioning them by a suitable tenotomy. 


II. The underlying arterial condition —While the clinical grade is the primary and most important factor in 
determining treatment, the cause and severity of the arterial disease must be taken into consideration. A 
grade I patient may be wise to submit himself to sympathectomy should his arterial deficiency be due to primary 
popliteal thrombosis. In this case we are dealing with a young man in whom it is obviously necessary to give 
the maximum possible increase of blood flow with the minimum possible delay. A grade II patient whose a’terial 
condition is well known to terminate his life within a short period would obviously be better treated by conserva- 
tive measures. A grade III patient may require sympathectomy, not to relieve his pain but to save his limb, 
because the underlying arterial condition is known to result in gangrene. It might be generally state. that 
the patient with the secondary popliteal thrombosis is particularly prone to fatal complications which are 
more likely to take place than failure of the peripheral circulation resulting in gangrene. There is a tencency, 
therefore, to be conservative in these cases. Where there is a secondary femoral thrombosis, peripheral gar zrené 
requiring major amputation is more likely than a systemic disaster terminating the patient’s life. | {enc 
operation would be advised unless there were powerful reasons against it. 
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Ili. Other associated conditions.—All patients attending a neurovascular clinic complaining of intermittent 
claudication must be subjected to a thorough examination whatever their clinical grade because their treatment 
may be considerably influenced by associated conditions such as coronary thrombosis, cerebral thrombosis, 
severe pulmonary diseases, diabetes and other chronic ailments. It is perfectly obvious that energetic measures 
to enable a patient halted at 300 yards by his claudication to walk a mile when his angina is likely to stop him 
at 400 yards would show gross lack of clinical judgment. The same argument applies to patients who are 
crippled by orthopedic ailments or who are dyspneeic and cyanotic from pulmonary conditions. 

IV. Economic and geographic factors——It need scarcely be added that considerations other than medical 
ones are of importance. A pain-relieving operation may have to be carried out on a grade II claudicant, whose 
prospects of improvement through increasing blood supply are good, should economic necessity demand that 
he should be able to walk an indefinite distance immediately—country postmen fall into this category. It 
would be fantastic do adopt such a procedure for a millionaire disinclined for exercise and without the slightest 
necessity to take any. The patient compelled to live in a hilly district may require treatment unnecessary for 
a patient who lives in a district whose contours are more suitable. 

E. Results of Treatment.—In the Neurovascular Clinic at Manchester the results have been assessed in three 
groups. 

(a) Good—meaning the patient can walk a mile or more without pain. 

(b) Improved—the patient can walk half a mile without pain, this distance being arbitrarily selected as an 
economic distance. Half a mile will take most patients to their station, bus stop. place of worship or amusement. 

(c) Failure—all who are not in the first two groups. It should be mentioned that some patients in this group 
are highly satisfied: on their first attendance being halted at less than 200 yards and eventually walking more 
than a quarter of a mile. This distance may exceed their ambulatory orbit. 

The grade II patients have been treated by lumbar ganglionectomy or Ephynal. The factors determining 
which treatment has been adopted have already been outlined. 

Grade III patients have been subjected to tenotomy of the tendo achillis where pain has been confined to 
the calf muscles. 

Myoneurectomy, originally carried out on these cases, proved disappointing owing to the frequency with 
which both gastrocnemius and soleus were affected. Division of the lateral popliteal nerve has been carried 
out in cases in which claudication has been confined to the anterior tibial group with complete success. A 
number of patients in grade IIT have been subjected to lumbar ganglionectomy—not to relieve their pain but 
to stave off gangrene. 

It is too early to comment on the mortality in patients undér treatment for intermittent claudication or even 
to be dogmatic about the likelihood of gangrene. It is hoped that some statement may be made after 1,000 
patients have been followed up for five years. It is, however, justifiable to state that in our series of over 1,000 
patients begun in May 1947 the mortality has been very considerably less than that quoted in the literature. 
Surprisingly few have so far developed gangrene requiring major amputation. 

Our experience in Manchester in the treatment of intermittent claudication is extremely encouraging and 
there seems to be no justification for the attitude of hopelessness adopted widely by the Profession. 
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MEETING HELD AT St. THOMAS’S HospiTAL, LONDON 


SYMPOSIUM ON ELECTROMYOGRAPHY [Abridged] 


Dr. Philippe Bauwens (St. Thomas’s Hospital): The eyes have frequently been referred to as the show-cases 
of the nervous system, and the neurologist uses an ophthalmoscope for his window gazing. Similarly we may 
speak of the motor units as its spokesmen for whose cross-examination the electromyograph can be used. 

\t first sight it appears somewhat surprising that a system consisting merely of a motor neurone and a few 
muscle fibres should dispose of a sufficient variety of patterns of behaviour to be of any value in the field of 
diagnosis. I shall make it my endeavour, by way of preface to this symposium on electromyography, to introduce 
the motor unit as a versatile performer of electrical tricks. 

Muscles and their nerve supply consist of a vast number of independent functional systems called motor 
units. Each of these comprises an anterior horn cell—or motor nucleus cell—with its axone and the muscle 
hbres which generate the electrical disturbances which are studied to diagnostic ends. At rest, a muscle fibre is. 
elc-trically silent but when stimulated its mechanical response is accompanied by an electrical phenomenon 
ca..ed “action potential” which can be described as a diphasic or triphasic variation of potential with a duration 
O! approximately one millisecond (Fig. 1A). 

Juring a sustained contraction in response to repeated nervous stimuli, the muscle fibre gives rise to a 
re; etition of action potentials at the same frequency as that of the stimuli. 
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As single fibre activity does not occur under normal conditions, this type of action potential is never observed 
except experimentally or in disease. In motor unit activity which is the rule in the normal, the action potentials 
of all the individual muscle fibres supplied by one particular motor neurone summate and give rise to a diphasic 
or triphasic or even a polyphasic action potential of a duration of approximately 3 to 10 milliseconds (Fig. 18), 

On volition it is rarely possible to excite one single motor unit. Even the least effort appears to b:ing into 
play several motor units. Consequently when a needle electrode is inserted in a contracting muscle the result 
of multiple motor unit activity is recorded. : . 

Since motor units function independently at individual frequencies, the amplified electrical phenomenon 
produces an irregular pattern on the screen of the cathode ray tube (Fig. 1c), and a muffled sound from the 
loudspeaker of the electromyographic equipment. 






A SINGLE MUSCLE FIBRE 
“ACTION POTENTIAL: 1.M5 


ia B. SINGLE MOTOR UNIT 
“ACTION POTENTIAL: 3-10MS 


/; 


/ c GROUP OF MOTOR UNITS, 
* PRODUCING INTERFERENCE PATTERN. 











Fic. 1.—Illustrates the types of action potentials obtainable during volition from 
the components of a muscle. 


On greater exertion in the normal, action potentials large and small occur in an unrelated fashion and in such 
profusion that they interact and result in a pattern which bears the marks of interference. 

The criteria of normality are simple enough; silence at rest, and this typical interference pattern with the 
<orresponding characteristic sound on maximal exertion. 

Departures from these criteria fall roughly into four categories: 

(a) Spontaneous activity.—Fibrillation; fasciculation; irritation discharges; other spontaneous discharges 
such as occur in myotonia, some painful affections of the muscles. Tetany and tetanus, though they cannot 
be claimed to contribute to the differential diagnosis, may help to throw light on the mechanism responsible 
for the condition. 

(6) Quantitative changes on volition —(1) Simplification of the normal interference pattern due to decrease of 
motor units operating within pick-up range of the needle electrode. 

(2) Discrete motor unit activity when only one or two active motor units can be detected on maximal effort. 

(c) Qualitative changes on volition—{\) Short duration potentials with altered character of wave form 
produced by the decrease in number of active muscle fibres within the motor unit as seen in myasthenia, 
myopathies, dermatomyositis and neuronitis affecting the distal parts of the motor neurone. (2) Polyphasic 
discharges occurring in irritative lesions and in recovery probably result from temporal dispersion—virtually a 
desynchronization phenomenon. 

(d) Anomalies of behaviour—{1) Group discharges such as are seen in tetany with doublets and triplets 
probably due to lowering of the threshold of excitability or loss of accommodation in the nerve fibres. 
(2) Myasthenic fatigue of the distal components of the motor unit. (3) Synchronization of motor unit activity. 

The conditions which cause these modifications are sufficiently clear cut to afford some assistance in 
differential diagnosis, and in the assessment of the extent or localization of lesions. 

Electromyographic evidence due to disordered function of upper motor neurone or internuncial neurones 
has not been mentioned, it is however already clear that some method of analysing representative samples 
of _ electrical phenomena in muscles under different conditions is essential. Apparatus required for this is 
complex. 

Because the conditions under which the examination is carried out must be known in order to be of v:lue, 
it is at all times important for the observer to do the interpreting of the findings himself. He should avoid 
making a categorical diagnosis from these, but rather limit himself to pointing to one of the differential diagnoses 
submitted as possibilities by the neurologist. 
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Electromyographic exploration is incomplete without a muscle test which will frequently supply valuable 
‘tentials additional information or confirm some suspicion, _ - ; Moe / 

liphasic In explorations where the patient complains of pain, Trilene inhalation is of great value as it appears to 
“ig. 1B), abolish pain and inhibition due to this without affecting volition. aie, ; . 
ng into Other substances with physiological effect such as prostigmine or curarizing agents can be of assistance in 
e result establishing a diagnosis. 


ymenon Dr. Ruth E. M. Bowden (Royal Free Hospital School of Medicine): Evidence derived from serial 
om the examinations of 150 cases of peripheral nerve injuries was presented to the Section. Parallel studies of 
electrical excitability and electromyographic activity showed that the latter usually, but not invariably, gave 
the earliest evidence of restoration of functional connexion between nerve and muscle fibres. The finding 
of motor unit action potentials on a single occasion in a recovering case was no guarantee of useful functional 
recovery. The interval between the first evidence of return of motor unit action potentials and clinically 
detectable contractions differed according to the type of lesion in the main nerve trunk. Whilst electro- 
myography could only be regarded as a part of the routine examination of these cases, it had an important 
contribution to make in any investigation of neuromuscular activity in healthy and disordered states. For 
example, it had been of considerable value in studying the recovery of independent movements and synergic 
contractions in peripheral nerve injuries. 
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Dr. D. Taverner (Department of Medicine, The University of Leeds): Synchronization of motor units.— 
The motor unit activity in normal muscle is quite asynchronous. Buchthal and Clemmesen (1941), using 
three needle electrodes several centimetres apart, showed that motor unit activity is sometimes synchronous 
and it is now agreed that this finding is of diagnostic value in electromyography. Synchronization can be 
detected in more than 60 % of the points examined in 80 % of patients with muscular atrophy of spinal origin, e.g. 
motor neurone disease, anterior poliomyelitis, vascular lesions and syphilis. It is seen no more frequently than 
in normal muscle, that is in less than 20% of the points examined, in muscular atrophy from all forms of 
peripheral nerve lesion and in muscular dystrophies (Buchthal and Madsen, 1950). 

Buchthal and Clemmesen (1941) suggested that the phenomenon is due to the central synchronization of 
anterior horn cell discharge in the spinal cord but Denny-Brown (1949) has pointed out that it can also be 
explained by the leading off from different fibres of single large motor units uncovered by the disappearance of 
smaller diseased motor units. 

Kugelberg and Taverner (1950) utilized the fact that the action potential pattern of a voluntary contraction 
can be well simulated by electrical stimulation of a peripheral nerve to show that synchronization may be due 
to changes in the muscle. 11 patients suffering from motor neurone disease, anterior poliomyelitis or syringo- 
myelia were selected because they showed well-marked synchronization of motor unit activity on voluntary 
contraction. In all the patients the identical pattern of synchronization could be obtained by electrical stimulation 
of the appropriate peripheral nerve. 

It is essential to show that the response to electrical stimulation is not a reflex elicited from the afferent 
fibres running to the spinal cord. In decerebrated cats no difference is seen in the action potential patterns. 
evoked by electrical stimulation of a motor nerve, before and after section of the nerve central to the point 
of stimulation. In a patient suffering from poliomyelitis synchronous action potentials were recorded from the 
tibialis anticus muscle after single shock stimulation of the external popliteal nerve. These action potentials 
were identical in polarity, form and duration with the potentials elicited by voluntary contraction. The electric- 
ally induced potentials had a latency of 5 msec., which is compatible with a direct response. A reflex response 
is evoked in this muscle by strong shock stimulation after a latent period of 30 msec. 

These findings suggest that synchronization of motor unit activity is not due to the central synchronization 
of anterior horn cell discharges in the spinal cord but probably depends upon the recording of activity from a 
single large motor unit which has been uncovered by the falling out of smaller motor units as a result of the 
arges disease process. 
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form Dr. Frank Sargent (St. Thomas’s Hospital): Clinical applications.—Most cases referred by neurologists for 
enia, electromyography are those in which there is some doubt whether a lower motor neurone is present, and, if 
nasic SO, as to its level in the motor unit. But there are many more complex problems in neurology to which the 
lly a electromyograph may eventually provide a satisfactory answer. 
A girl of 19 had suffered for twelve months from weakness of neck, shoulders and arms; the illness began 
lets with inflammatory swelling of the palms of both hands. Dysphagia and dysphonia followed. Examination 
ares. revealed marked wasting of the shoulder-girdle muscles; the palms were pink and desquamating. The basal 
vity. metabolic rate was +15%. Needle electrodes were inserted into trapezius, deltoid and biceps on both sides. 
e in On volition, there was no numerical diminution of motor units, but the duration of individual motor units was 
so grossly reduced as to resemble a myopathy, and there was a large proportion of polyphasic potentials; 
ynes at rest, profuse fibrillation was observed (Fig. 1, P. B.). The conclusion drawn was that a lesion must exist 
ples either at the terminal part of the motor nerve fibres or in the motor end-plates. The pathologist rted patches 
is is of inflammation widespread throughout the biopsy specimen taken from the left trapezius. No definite diagnosis 
was nade in this case, but dermatomyositis, thyrotoxic myopathy and infective polyneuritis were all considered. 
Jue, A boy of 11 had difficulty in running and playing games. Nothing abnormal was found beyond some 
oid weakness of shoulder and pelvic girdle muscles, which looked exceptionally well developed. This was, of 
yr se, a case of pseudohypertrophic muscular dystrophy, readily confirmed by the electromyograph (Fig. 2, 
« CQ. 
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Fic. | (Case P. B.).—Short-duration poten- Fic. 2 (Case G. C.).—Short duration 
tials; polyphasic potentials; fibrillation. potentials; myopathy. 





Fic. 3 (Case B. 7.). —Short-duration 
potentials; myopathy, clinical diagnosis 
amyotonia congenita. 


Fic. 4 (Case R. R.).—Large potentials. 
Werdnig-Hoffmann disease. 


Two disorcers of infants which have given rise to much controversy, namely, amyotonia congenita and 
progressive spinal atrophy, should be readily distinguished by their electrical characteristics. Fig. 3 (B. T.) 
shows a typical myopathic picture in a girl of 6 who had been regarded as a case of amyotonia congenita. 
By contrast, Fig. 4(R. R.) shows a potential of large size from the right forearm of a child aged 5 weeks suffering 
from Werdnig-Hoffmann disease. This little boy had extreme wasting and paralysis of all muscle groups except 
the face and the diaphragm, and very little activity could be detected in any affected muscle. A pathological 
report on biopsy material from the right pectoralis major (which showed no activity on electromyographic 
examination) confirmed the diagnosis. Both these children were intolerant of galvanic stimulation, unlike 
typical cases of amyotonia congenita 

Nuclear aplasia is of especial interest in electromyography. A child aged 15 months was sent for an opinion 
on her left-sided facial palsy which had apparently been present from birth. The electromyograph revealed that 
motor unit activity was grossly reduced to a discrete pattern, but no spontaneous activity was detected. The 
interpretation of this was that the muscles had not developed normally because of aplasia of the facial nucleus. 
A similar condition may exist in those children with speech defect and dribbling who present a clinical picture 
suggestive of pseudobulbar palsy. 

One of the worst obstacles to recovery in peripheral nerve injuries is cross-reinnervation. Sometimes it is a 
simple matter to detect this condition clinically; but when the ulnar nerve is involved, the true cause of disability, 
which may be very severe, is demonstrable only with the electromyograph. A woman of 46 put her arm through 
a plate-glass window and severed her ulnar nerve above the elbow. She has now, eighteen months later, 
made some recovery, but her hand is practically useless because she has no control over abduction and 
adduction of the fingers. With one needle electrode in a dorsal interosseous muscle and another in a pa!mar 
interosseous, it can be shown that on attempting to spread her fingers there is a burst of activity in her pa!mar 
interossei, while, on attempting to bring them together there is activity in the dorsal interossei; this is presumably 
due to aberration of regenerating nerve fibres from the dorsal to the palmar interossei, and vice versa. Without 
= electromyograph there is no means of explaining this disability, for there is no clinical test which will 
elucidate it. 


Dr. A. T. Richardson (St. Thomas’s Hospital): Electromyography in denervation—Although mos: of 
the recent advances in clinical electromyography have been made in relation to the diagnosis of myopathic 
lesions, the neuropathic and myelopathic lesions still constitute the largest group referred for electrodiagnostic 
investigation. Qualitative analysis of muscle action potentials can supply evidence of nerve damage, recovery, 
and retention of function. Thus normal motor unit action potentials (Fig. 1A) indicate intact lower mctor 
neurones, fibrillation potentials (Fig. 1B) indicate lower motor neurone degeneration with excitable tissue 
still present and the spike and polyphasic motor unit potentials (Fig. 1c) are one of the earliest signs of lo ver 
motor neurone regeneration. 
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The incidence of spontaneous fibrillation potentials compared 
with the incidence of changes in the Intensity-Duration (I/T) 
Curves will be discussed in this paper. 

Since Schiff (1851) described fibrillation in denervated dog’s 
tongue, there have been many contributions to the literature on 
this subject based on either direct observation of fibrillation 
activity or the detection of the action potentials accompanying 
this activity. These contributions have been summarized by 
Tower (1939), Denny-Brown and Pennybacker (1938) and more 
recently Feinstein, Pattle and Weddell (1945) have reinvestigated 
the effects of various drugs on fibrillation in denervated muscle. 
Reference to the literature reveals that fibrillation activity is 
influenced by many agents, some of which must be considered in 
relation to clinical electromyography because they may affect the 
constancy of the detection of spontaneous fibrillation potentials 


Fic. |.—Electromyographic recording : | d . 

rom biceps muscle (partial denervation '" /Ower motor neurone degeneration. p 

with recovery). A, Normal motor unit Fibrillation activity in mammals is reduced by cooling of 
sotential. B, Fibrillation potential. C, the muscle (Feinstein et a/., 1945; Langley, 1917), reducing the 
Polyphasic motor unit potential (regener- blood flow through the muscle (Langley and Kato, 1915) and its 
ition). onset following denervation is delayed by previous thyroidectomy 


(Feinstein et al., 1945). Frank, Northmann and Hirsch-Kauffmann 
(1922) have shown that acetylcholine increases spontaneous fibrillation in dogs’ and cats’ tongues when given 
intravenously. Brown (1937) has shown that an increase of fibrillation action potentials follows the intra- 
arterial injection of small doses of acetylcholine but that large doses result in electrical silence. Rosenblueth 
and Luco (1937) showed that both eserine and prostigmine increase fibrillation activity. Solandt and Magladery 
(1940) are of the opinion, however, that eserine is without effect on denervation fibrillation and Mead (1947) 
was unable to influence fibrillation activity by the local injection of cholinesterase. Eccles (1941) has concluded 
- there is no simple correlation between the sensitivity to acetylcholine and fibrillation activity. This 
&nclusion is supported by the findings of Solandt, Partridge and Hunter (1943), who were unable to demonstrate 
fibrillation activity in atrophic muscle following fixation, although this muscle atrophy produced an increased 
sensitivity to acetylcholine. Feinstein et al. (1945) after fully summarizing the results of other workers, 
point out that controlled metabolic conditions are necessary in these investigations and in a series of controlled 
experiments found that prostigmine increased spontaneous fibrillation. They also showed that intravenous 
acetylcholine was without effect unless preceded by eserine. It appears, therefore, that circulating acetyl- 
choline can, in common with other mechanisms, stimulate spontaneous fibrillation and that its effect is enhanced 
by the systemic injection of anticholinesterases. Locally produced (i.e. within the denervated muscle) acetyl- 
choline, however, does not appear to play a significant part in the production of fibrillation. This is supported 
by the fact that in a series of 40 denervated muscles showing abnormalities of the Intensity-Duration Curves 
(indicating partial or complete denervation) in which spontaneous fibrillation was not detected, in as many 
as 34 could residual intact motor units be demonstrated by the electromyograph. Again, the incidence of 
spontaneous fibrillation action potentials in completely denervated muscles was 89 % (of 44 cases) and in partially 
denervated muscles 79% (of 164 cases). 

It is obvious that the incidence of fibrillation potentials will also be related to the thoroughness of electro- 
myographic exploration. This is particularly so in progressive denervation, where fibrillation often remains 
undetected because it exists in compact areas within the muscle. This distribution of fibrillation indicates that 
the constituent muscle fibres of a motor unit are adjacent within the muscle. The type of needle electrode used 
in clinical electromyography also influences the detection of fibrillation action potentials in that monopolar 
electrodes have a greater recording range than the more commonly used concentric needle electrodes. In 
clinical electromyography, where many of the peripheral nerve injuries are under ireatment by electrical stimula- 
tion (interrupted galvanism) to the denervated muscle, it is important to realize that treatment by this means 
increases fibrillation activity. 

In the series described below, the denervated muscles were first examined with regard to their response to 
electrical stimulation and then by an electromyograph with concentric needle electrodes (the frequency response 
of the amplifier used was from 6 decibels down at 1-6 cycles to 6 decibels down at 8 kilocycles). The muscles 
were first warmed and the needle electrode was then inserted into each muscle followed by probing in search 
of spontaneous fibrillation potentials. Prostigmine was not used and insertion activity was ignored for the 
purpose of this paper. In the majority of cases complete Intensity-Duration Curves were plotted, but with 
experience the detection of a sluggish response in a moderately warm muscle exhibiting clinical weakness or 
electromyographic reduction of motor unit activity was used as an index of lower motor neurone degeneration. 
That the sluggish response of denervated muscle may be partly due to cold, as suggested by Doupe (1943), 
does not seem to affect the reliability of the test, for in fact it is a common experience that both sluggishly 
and briskly contracting components can be detected in a partially denervated muscle. The technique of 
testing muscle response to electrical stimulation used has previously been described (Bauwens and Richardson, 
195)). In the series 1 case of myxcedema and 2 of normal muscles occurred where a sluggish response in 
the absence of denervation was detected. 

In !48 cases examined in the Physical Medicine Department of St. Thomas’s Hospital, 208 denervated muscles 
were investigated and reference to Table I shows that of these denervated muscles, while 203 showed ab- 
norm.:lities on electrical stimulation, indicating partial or complete denervation, in only 168 could spontaneous 
fibril! tion potentials be detected. It will also be seen that spontaneous fibrillation potentials were detected 
less frequently in denervated muscles when recovery was occurring, when the lesion was long standing and 
_ n motor neurone disease (Progressive Nuclear Muscular Atrophy and Werdnig-Hoffmann disease) 
see lable II). 
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TABLE J.—RESULTS OF ELECTRODIAGNOSTIC TESTS IN NEUROGENIC LESIONS 





Abnormal 

No. No. : response to 

of of Fibrillation electrical 

cases muscles detected stimulation 
Peripheral nerve injuries . . 33 54 42 54 

Pressure palsies (prolapsed intervertebral disc and 

thoracic inlet syndrome, &c.) . el 38 51 44 50 
Peripheral nerve diseases ( peripheral neuritis, &c,) a 24 32 24 32 
Facial nerve palsies aS ars A 23 32 28 32 
Acute anterior poliomyelitis a 55 ee - 4 5 5 “ 
Motor neurone disease .. me & a 19 25 16 24 
Others - oa se ae a - st 7 9 9 7 
Total 148 208 168 203 


The lower incidence of spontaneous 
fibrillation in motor neurone disease com- 


pared with peripheral nerve lesions (Table I) ____BuT No SPONTANEOUS FIBRILLATION 
may be related to the fact that the majority Recovering lesions... = 14 
of the peripheral nerve cases were under Motor neurone diseases ibe 8 (8 out of 25 muscles) 
treatment by interrupted galvanism. Long history (1 year +) 8 
There is no doubt that a more prolonged Less than 14 _ = - | 
search with a concentric needle electrode for Others... ” ie 9 


spontaneous fibrillation potentials and the 


interpretation of insertion fibrillation poten- Total No. of muscles 40 (40 out of 208 muscles) 


tials as indicative of lower motor neurone 


degeneration would increase the constancy of this sign. However, having regard to the patient’s discomfort 
and the difficulty in interpreting needle insertion potentials, it is felt that a technique based on the combined 


use of Intensity-Duration Curves and electromyography is the most satisfactory. 
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Dr. D. A. Kininmonth: Wasting of the extensor digitorum brevis muscle in herniations of the fourth !umbar 


intervertebral disc has been described by Kugelberg, E. and Petersen, I. (1950) J. Neurosurg., 7, 270. 


Clinically the muscle may be clearly atrophied, or of a palpably softer consistency compared with the 
corresponding muscle of the opposite side. In a few cases the muscle may be difficult to feel because of «edema 


or fat and the state of the muscle can only be evaluated electromyographically. 


ILLUSTRATIVE CASES 
I.—Male, aged 42. First seen January 1951 with a three weeks’ history of left-sided sciatica. 


Clinical examination.—Spinal flexion limited and painful. Straight leg raising 45 degrees. Refiexes normal. 
Loss of sensation to pin-prick over the great toe. Moderate weakness of the extensor hallucis and peronei 
muscles. The extensor digitorum brevis muscle felt softer than normal when contracting maximally «gainst 


resistance. 


Electromyographic examination.—A needle electrode was inserted into the extensor digitorum muscle. There 
were no fibrillation potentials at rest, but on maximal voluntary contraction the interference pattern was re: ‘uced. 


II.—Male, aged 65. 
1942: Attack of left-sided sciatica lasting for three months. 
1948: Second attack of left-sided sciatica; duration six weeks. 


1950: March—Noticed that left foot was weak. December—First seen in the Physical Medicine Depariment, 


St. Thomas’s Hospital, complaining of left-sided sciatica of moderate severity and weakness of the left foot. 


Clinical examination.—Spinal movements were full and provoked little discomfort in the leg. St aight 
leg raising 70 degrees. Left ankle-jerk was diminished. No sensory loss. Marked motor weakness ©! f the 


extensor hallucis and peronei muscles. Atrophy of the extensor digitorum brevis. 


Electromyographic examination of left extensor digitorum brevis revealed profuse fibrillation potenti:ls at 


rest, and the interference pattern consisted of discrete potentials on maximal voluntary contraction. 





TABLE IT.—ANALYSIS OF MUSCLES WITH A SLUGGISH RESPONSE 
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Section of Surgery 
President—Sir STANFORD CADE, K.B.E., C.B., F.R.C.S. 


[April 4, 1951] 


DISCUSSION ON THE SURGERY OF THE HEART AND GREAT VESSELS 


Mr. R. C. Brock: Jntracardiac surgery—Heart disease may be caused by a lesion of the great 
vessels near the heart and may be relieved by an operation upon the great vessels. Alternatively, the 
heart itself may be malformed or diseased and relief may be accorded it by some indirect procedure 
such as a systemic-pulmonary anastomosis. The heart lesion may also be operated upon directly by 
some form of intracardiac surgery and I intend to confine my remarks almost entirely to this. I shall 
refer only briefly to the indirect operations for heart disease in so far as they introduce the subject of 
direct cardiac surgery. It is at once significant that 1 am able to discuss the intracardiac operations 
alone, because it would not have been possible three years ago. So far I have performed some 130 
intracardiac operations; thus it would seem that we have here a thriving new branch of surgery. 

[ shall not refer to operations for injuries to the heart nor to the treatment of cardiac ischemia nor 
to septal defects, but shall confine myself to the group of congenital lesions associated with pulmonary 
stenosis, and to mitral stenosis as representing acquired heart disease. 

There are two important points: 

(1) Although intracardiac surgery is a somewhat spectacular procedure and appeals (sometimes 
too much) to the popular imagination, it is not a stunt. It is here to stay and to develop, and it has 
fully justified itself. 

(2) Intracardiac surgery is not for the lone worker. Team work is essential and I am only too happy 
to acknowledge that success is due principally to the loyal and unstinted co-operation of my various 
colleagues who take part with me in this work both at Guy’s and the Brompton Hospital. To give 
one example, at Guy’s there is a group of some 15 people actively engaged in the work, and as time 
passes we find that more and more are drawn into the team. I particularly wish to acknowledge the 
invaluable help given by Dr. Maurice Campbell, Dr. Charles Baker and Dr. Paul Wood. 


CONGENITAL HEART DISEASE 
Although this is a rather specialized subject and the cases are not nearly so numerous as, for instance, 
those of rheumatic heart disease, it is important to begin with it as it has served as a great stimulus 
to the expansion of cardiac surgery; apart from the suture of wounds and the removal of foreign 
bodies, the first elective intracardiac operations were done on the cyanotic’ group. 


Indirect Surgery 

Although my main discourse is on intracardiac procedures, it is necessary first to consider briefly 
the indirect operations for morbus czruleus, notably the Blalock-Taussig operation and its important 
modification introduced by Potts. The basic conception of these operations and their results are 
brilliant and they have provided hope and relief to parents and children for what had been, until 
their introduction, a hopeless condition. This type of operation rests upon the argument put forward 
clearly and convincingly, by Taussig and Blalock, that the cyanosis and disability are due essentially 
to a diminished flow of blood to the lungs. Until then it had been assumed that arteriovenous mixing 
was probably the more important factor. Blalock and Taussig argued that by making a systemic- 
pulmonary anastomosis the unoxygenated blood that had passed into the aorta could be re-directed 
into the pulmonary circulation and its oxygenation would relieve cyanosis and disability. The excellent 
results that follow the procedure bear testimony to the correctness of their argument. Blalock uses 
a branch of the aorta, preferably the subclavian, which is anastomosed end-to-side to the right or 
left pulmonary artery. Blalock and Taussig also mentioned in their original paper that the aorta 
itself could be used and it remained for Potts and his colleagues to design the ingenious clamp which, 
by allowing only partial occlusion of the aorta, permits an aortic-pulmonary anastomosis to be made. 


Indirect versus Direct Surgery 
_ Excellent as are the results of these operations, certain objections suggest themselves, at any rate 
In theory. . 
(1) Nothing is done to relieve the essential lesion within the heart; both the pulmonary obstruction 
and the venous-arterial shunt remain. 
_ ©) An artificial ductus arteriosus is created. Patent ductus arteriosus, when it occurs naturally, 
is a condition for which operative closure is considered desirable. It is possible that the artificial 
ductus in the presence of a pulmonary stenosis and interventricular septal defect, as in Fallot’s tetralogy 
Dec,—Sura. 1 
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in which there is a primary diminution of blood flow to the lungs, is not strictly comparable to the 
naturally occurring condition in which there is a greatly increased pulmonary blood flow which 
demands correction. However, even if the undesirability of the artificial ductus is not admitted, the 
third objection is especially significant and is, moreover, a feature that is commonly overlooked. 

(3) The obstruction to the pulmonary blood flow, whether it be valvular or infundibular, does not 
remain constant. The daily wear and tear of the blood stream causes a steady and progressive increase 
in the obstruction by deposition of platelets, fibrin, organization, fibrous contraction, \errucose 
vegetations and even calcification. Ultimately the obstruction becomes complete or so nearly complete 
that a condition of virtual or actual pulmonary atresia results. This means that the venous-arterial 
(right-to-left) shunt also steadily increases until ultimately all the blood leaving the right ventricle 
must pass into the aorta. The pulmonary blood supply, and therefore life itself, must depend entirely 
on the collateral bronchial circulation and the artificial stoma created by the original operation, 
The condition is, therefore, finally one of truncus arteriosus with a functional single ventricle; scarcely 
a condition compatible with a long and trouble-free life. 

It should, however, be remembered that Blalock and Taussig rightly pointed out that, whatever 
the final result of their operation may be, theoretical objections of this type are no arguinent for 
allowing a child to die of anoxemia in the present. The brilliance and success of their operation are 
unquestioned. The discussion now put forward is only given in order to consider whether it is possible, 
by a direct operation upon the heart, to obtain a similar relief of symptoms without the doubtful 
later prognosis. It is not possible at this time to say whether the direct operations to relieve the 
obstruction itself within the heart will give better or worse results in future years than the indirect 
anastomotic operations on the great vessels. Only the passage of time can tell this. It will be admitted 
that it is, in any case, necessary to find out whether direct operation to relieve the obstruction is 
feasible and can give good immediate results. It can now be stated that the direct operations are no 
more dangerous and can give results just as good as the Blalock-Taussig or Potts operations. The 
ultimate comparison of the two procedures, direct and indirect, lies in the future. 

It is, perhaps, worth considering what would have been the position of the direct cardiac operations 
for morbus czruleus if they had been introduced first. The success of the indirect procedures is so 
striking and so dramatic that it has led to their almost complete acceptance. In fact, I find I have to 
propound a somewhat elaborate argument to try and justify the development and application of the 
direct, or intracardiac methods. If direct operations with the low mortality and good results, which 
we have had, had been introduced first it is possible that the anastomotic operations would not have 
been so completely accepted. 

I have been asked, ‘“‘Why try these new, unknown and possibly more dangerous direct procedures 
when there is already a well-tried and proven operation at your disposal?” This is a powerful and 
pertinent argument and one that arouses anxiety and great responsibility when one contemplates 
introducing new procedures so critical and delicate. Surgery, however, is not static; it must unfold 
and advance and in this, I hope, lies the justification for my present work. In any case the importance 
of the introduction and development of successful intracardiac operations far transcends the 
importance of mere operations for congenital heart disease; it is representative of direct surgery 
upon the heart itself and in this way links up with a whole new field of surgery. Perhaps the last 
new field of surgical endeavour that remains almost unchallenged in the body. 


PULMONARY VALVULOTOMY FOR PULMONARY VALVULAR STENOSIS 


There is a condition of so-called “pure” pulmonary valvular stenosis in which the cusps of the 
pulmonary valves are so fused as to create a severe obstruction, unassociated with the other lesions 
present in the tetralogy of Fallot. There is no interventricular septal defect nor is the aorta overriding. 
Sometimes a patent foramen ovale permits the passage of venous blood from the right atrium to the 
left atrium when sufficient pressure builds up behind the pulmonary obstruction. As a result of this 
shunt deep cyanosis may occur. Until quite recently this condition has been thought to be very rare, 
but as so often happens when a disease is recognized and sought for, it is now known to be relatively 
common. Its importance in relation to my argument lies first of all in the fact that it cannot be 
satisfactorily or safely treated by an indirect or anastomotic operation of the Blalock or Potts type: 
it must be treated by pulmonary valvulotomy. : 

If an anastomotic operation is done no relief is afforded to the obstructed right ventricle; instead 
an extra strain is thrown on the left ventricle; in addition the extra blood directed into the pulmonary 
circulation increases still further the congestion in the obstructed right heart and right-sided failure 
inevitably supervenes sooner or later—and usually sooner than later. In the earlier days of the 
Blalock and Potts operations quite a number of cases of pure pulmonary valvular stenosis were 
operated on and went into heart-failure in this way. I have had to re-operate on such cases and. after 
performing a pulmonary valvulotomy, have closed the anastomosis. In this way the right-sided f..ilure 
is relieved and the primary pulmonary obstruction cured. The cyanosis and disability are, of course, 
also corrected. 

When one examines a specimen from a case of pure pulmonary valvular stenosis and contemplates 
the minute hole, sometimes no more than 2-3 mm. in diameter, through which the whole of the blood 
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Fic. 1.—Pulmonary valvulotomy. 


he body has to ‘pass, the obstructing membrane formed by the fused valve-cusps presents an 
obvious challenge to surgery for its relief by direct operation. This can be done with relative ease and 
safety and with a low mortality by means of instruments (valvulotome and various special dilators) 
passed through a small incision made in the wall of the right ventricle (Fig. 1) (Brock, 1948; Brock 
and Campbell, 1950a). I have also discussed and described the advantages and disadvantages of an 
alternative retrograde route through the left pulmonary artery (Brock, 1950). 

In the very early days of the operation the mortality was high, as has usually been the case with all 
new major procedures. This was chiefly due to the application of the operation to the very worst 
type of case; late and neglected adults with years of increasingly severe disability and complete 
invalidism and often with a huge heart or even in heart-failure. We now know that the chance of 
success in such cases is small. If, however, the operation is used on patients before these last stages 
of grave deterioration have been reached the mortality is low and the results excellent, as will be shown 
later from our mortality figures. 

One patient, a young woman in the middle twenties who before operation was deeply cyanosed and 
so disabled that she could walk only a few yards and clearly had but a few weeks to live, improved 
so much after operation that when she was found to be pregnant the pregnancy was allowed to proceed 
and she delivered herself without event eleven months after valvulotomy. She was soon pushing the 
baby around in its pram without any distress, in marked contrast to her earlier condition of complete 
invalidism. [ have recently performed pulmonary valvulotomy. in the fifth month of a pregnancy which 
is being allowed to continue in the good hope that a live child will be safely delivered. 


Pulmonary Valvulotomy in Fallot’s Tetralogy 

The case for pulmonary valvulotomy in pure pulmonary stenosis, as I have just detailed, is 
unanswerable and the operation is, indeed, now generally accepted throughout the surgical world as 
the only one that should be used for the condition. The application of pulmonary valvulotomy to 
cases of Fallot’s tetralogy has received less wide acceptance, and in fact the possibility of using the 
procelure often has been much doubted in some quarters. It has been stated that valvular stenosis 
in Fallot’s tetralogy is so uncommon that the operation is rarely applicable. Without elaborating the 
evidence here it can be stated that the obstruction in Fallot’s tetralogy is valvular in at least 40% 
of cases. Thus Keith (1909) in examining 270 cases of congenital heart disease found a pulmonary 
valvulir stenosis in 25/63 (40°%) of cases of Fallot’s tetralogy. Brown (1939) states that it is present 
in “about half”, and Sellors and Belcher (1950) found it in 20 out of 65 cases (30%). In my last 50 
cases of Fallot’s tetralogy I found a predominating valvular stenosis, which was relieved by pulmonary 
valvu'otomy, in 22 cases (44%). It is clear, therefore, that with a valvular obstruction present in such 
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a high proportion of cases, and providing that it can be relieved safely and certainly by direct operation, 
we have a method of treatment that must commend itself since it corrects the chief lesion within the 
heart and does not merely circumvent it by the creation of an additional heart lesion, namely an artificia| 
ductus arteriosus. The functional results of the operation, as judged by the relief of cyanosis and 
disability, are excellent and just as good as can be achieved by a successful Blalock’s or Potts’ operation. 
The mortality figures show that it can be an equally safe procedure. 


RESULTS OF PULMONARY VALVULOTOMY 


am Pulmonary valvular stenosis . . 28 
Total cases 37 Fallot’s tetralogy ; 29 
. JS Pulmonary valvular stenosis . . 8 
Died ly we - ries r 10 | Fallot’s tetralogy ive Zz 
In first 20 a oa a re > “4 ae 8 died 
In remaining 37 oe os ei ei x ee 2 died 
In last 29 - pa ss a a ss fa 1 died 


The number of cases operated upon (57) alone indicates something of the importance of the 
operation considering the short time that has elapsed since its introduction. The overall mortality 
is high (nearly 18°) but as can be seen this is chiefly due to the loss of 8 patients in the first 20: most 
of whom were examples of late, neglected, almost hopeless, cases of pure pulmonary valvular stenosis. 
The very low mortality in the last 37 cases is noteworthy, as is also the loss of only 2 patients out of 
29 with Fallot’s tetralogy; both of these patients were, moreover, adults. The one patient who died 
in the last 29 cases was a woman aged 22 on whom an unsuccessful Blalock’s operation had been 
performed two and a half years earlier. 


Infundibular Resection 

In some 60% of cases of Fallot’s tetralogy the obstruction is not valvular but is below the valve 
level and is situated in the infundibulum: infundibular stenosis. It has been, and in fact still is, stated 
that the obstruction is long and tubular and in general unsuitable for direct relief by surgery. This 
is not the place to elaborate the arguments to refute this; some account has been given elsewhere 
(Brock, 1949; Brock and Campbell, 19505), and it must suffice to say that, although in all cases the 
infundibular portion of the right ventricle is essentially smaller than normal, the effective obstruction 
generally occurs at one level only and is usually linear or diaphragmatic. It may be high infundibular, 
intermediate, or low. 

If the arguments for relief of the pulmonary obstruction by direct attack are correct, it must also 
be desirable to consider whether it is possible to divide, resect, or dilate the infundibular stenosis in 
cases of Fallot’s tetralogy. It can be said at once that it is feasible to do this and that good and even 
excellent results in the relief of cyanosis and disability can be obtained, just as with pulmonary 
valvulotomy. 

I have used the operation in 24 cases with 7 deaths; rather a high mortality but perhaps not excessive 
considering its, as yet, pioneer nature and the fact that several of the deaths occurred in adults. In 6 
cases an infundibular and valvular stenosis co-existed and were dealt with by combined valvulotomy 
and infundibular resection, without mortality. 

The infundibular resection is carried out by introducing a special punch through an incisi®n in the 
wall of the right ventricle (Fig. 2). 





Fic. 2.—Infundibular punch resection. 
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: I have little hesitation in recommending valvulotomy in suitable cases of Fallot’s tetralogy as a 
peration, Bf safe and logical operation giving good results. Infundibular resection can also give good results and 
vithin the § isa logical operation; it is perhaps as yet a little too early to recommend it so unreservedly as valvu- 
‘artificial J jptomy. More cases must be done and more time must elapse before a careful assessment can be made. 
1OSIS and § jt js an operation that must, however, be fully applied and assessed because of the fundamental nature 
‘Peration. § of its conception in regard to the direct relief of infundibular pulmonary stenosis. 




























Differential Diagnosis and Recognition of Valvular and Infundibular Stenosis in Fallot’s Tetralogy 
The practice of many surgeons who use the anastomotic type of operation is to open the chest, 
dissect out the two relevant vessels and anastomose them, and then close the chest. No attempt is 
made to examine or explore the heart and there is but little confirmation of diagnosis. Certainly if a 
right-sided approach is used the pulmonary outflow tract cannot be examined. This is a policy to 
which I do not subscribe. Before operation every effort is made by the basic clinical and radiological 
examination, with the additional aid of cardiac catheterization and angiocardiography (usually 
selective), to achieve as accurate an anatomical diagnosis as possible of the exact site and nature of 
the obstruction. At operation (usually through a left postero-lateral thoracotomy done by resection 
ha of the fifth rib) the pericardium is widely opened and a careful examination made of the heart. It is 
nthe usually easy to recognize whether the stenosis is valvular or infundibular by studying certain local 
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features. In valvular stenosis, for instance, the valve usually distends the first part of the artery anq 
in systole can be felt as a tight hard cone or ball from which a tiny jet issues. A detailed description v 






of the various types of obstruction cannot be given here. The diagnosis can also be made very exact 
by inserting a catheter through a small incision in the wall of the right ventricle and observing the 
pressure changes in various parts of the outflow tract. As can be seen from Figs. 3 and 4 it is possible 
to reach a high standard of accuracy and to confirm the presence of a valvular stenosis or to identify s 
the presence of a combined infundibular and valvular obstruction. The exact level of the infundibular V 
obstruction is also assessed. V 

In this way the correct operation for the relief of the condition disclosed can be selected. r 

This policy has led to a steady increase in the proportion of direct operations being done, especially 
as increasing confidence has been gained in their performance and in their safety and good results. ] 
The following figures indicate this trend towards a higher proportion of direct operations. 




















































Morsus CA@RuLeus (ALL Types). TOTAL 176 Cases 


In last 100 cases In last 50 cases 

Direct operation .. 70 Direct operation .. 59 Direct operation .. 33 
Anastomosis. . .. 106 Anastomosis. . can Anastomosis. . : 17 
‘ 


FALLoT’s TETRALOGY. ToTAt 149 CAsEs 
In last 50 cases 


Direct operation .. 43 Direct operation .. 27 
Anastomosis. . >. Anastomosis. . a 


MITRAL STENOSIS 


Congenital heart disease is an important problem and has been dealt with first because it served 
as the great stimulus of heart surgery. It is, however, rather a special problem since it constitutes 
only 2% of all cases of heart disease. From its relative infrequency and the highly skilled methods 
needed for its full investigation and management it is fair to say that it is a condition best dealt with 
in a few specia! centres. With rheumatic heart disease the position is different, seeing that it forms 
25% of all cases of heart disease (Wood, 1950). The surgical relief of mitral stenosis is much more 
in the nature of a national problem because the large number of cases suitable for operation can only 
be handled if they can be dealt with in numerous surgical centres. It may sound strange to many 
to speak of the surgery of mitral stenosis in this way, but the success of mitral valvulotomy and the 
great and widespread interest and the large number of patients presenting themselves for operation 
proves it beyond doubt. Mitral valvulotomy has quickly established itself as a standard operation in 
surgery and is rapidly giving great benefit to many hitherto hopeless cardiac invalids and at a low risk. 

It is instructive, interesting and not a little gratifying to consider the position of the operation at 
four phases; twenty-five years ago, four years ago, one year ago, and to-day. 

Twenty-five years ago, when the first attempts at mitral valvulotomy were made, the results were 
so bad that the problem was considered to be insoluble and it was left as the great unsolved problem 
of surgery. Many things contributed to this early failure; no discredit was due to the early pioneers 
because in great part the time was not yet ripe for success. More recently, however, it became clear 
that a re-trial of the issue was both justified and necessary. Some years ago we began our plans but 
found it very difficult to obtain suitable cases owing to the extreme caution exhibited by most physicians 
and cardiologists. Ultimately a suitable case was found and after nearly a year of observation the 
patient was operated on, with success, in September 1948. 

During the succeeding twenty-one months, before our first paper on the subject was published, only 
9 cases were operated upon, but with 7 successes (Baker, Brock and Campbell, 1950). It should be 
made clear that although our work at Guy’s was synchronous with that of Bailey, Glover and O'Neill 
of Philadelphia and proceeded along similar lines, it was quite independent of and uninfluenced by 
their experiences. 

The response to this paper published one year ago was immediate and gratifying; the operation 
seemed tc be enthusiastically accepted and the pressure from patients and from doctors became almost 
irresistible. Long waiting lists rapidly formed and the present position is not one of anxious searching 
for suitable cases but continuous hard work to examine and sort out the numerous applicants and to 
try and operate on the large number of suitable cases. The position to date is shown in the following 
table. 

MITRAL VALVULOTOMY 
Total operations, 47 _In first 20 cases, 7 deaths Oldest patient, 50 years 21-30 | 31-40 | 4! 30 
Died, 8 In last 27 cases, 1 death Youngest patient, 21 years ~ 16 a1 4 


These figures show that operation can be offered with every chance of success and with a now 
relatively small risk; the series of 27 consecutive cases with only one death amply supports this. 
The result in those who have survived the operation has been excellent in all but 3 cases. 
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Witiiout operation the plight of many patients is desperate; the husband and father is unable to 
work and support his family; the wife cannot manage to carry on with her essential household duties 
and, if she happens to be a mother, cannot look after her children; the spinster who is unable to work 
soon finds herself destitute and an object of charity unless she has friends or relatives to care for her. 
In all, the state of disability and chronic invalidism holds no future except an early death. The patients 
soon come to realize this and it is no wonder that they eagerly beg for operation. In discussing operation 
with a bad risk case recently I pointed out that the risk was greater than normal; the woman’s reply 
was “It is no risk to me; it is my chance”. This sums up most aptly the patient’s reaction to the 
prospect of relief by operation. 


The Surgical Anatomical Basis of Mitral Valvulotomy 

The early failures with mitral valvulotomy were due to several things and in part to a failure to 
understand the surgical anatomical basis for a safe operation. 

The mitral valve consists of two cusps; a larger antero-medial or aortic cusp and a smaller postero- 
lateral one (Fig. 5). The aortic cusp receives the full forve of the emergent stream of blood in ventricular 
systole and directs it from the mitral orifice into the aorta. If its integrity and efficiency are impaired 
mitral regurgitation occurs, and if it is damaged at operation severe acute regurgitation is caused 
which usually proves fatal. The postero-lateral cusp must also be conserved. 





(a) (6) (Cc) 


Fic. 5.—The surgical anatomical basis for mitral valvulotomy. (a) Shows the normal valve partly open with 
its large antero-medial and smaller postero-lateral cusp. Note the obliquity of the axis of the orifice. (6) Shows 
the stenosed valve with the cusps fused along their edges so as to form a fibrous diaphragm with a small oval 
aperture. (c) The obstructing diaphragm has been split or cut along the commissures so as to reform the cusps. 
Their integrity has been preserved and the restoration of mobility allows them to’open and close more freely. 
(Figs. 1, 2 and 5 are reproduced from ‘‘Cardiac Surgery”, by R. C. Brock, Ann. R. Coll. Surg., 1951, 9, 1-12.) 


As the valve stenoses its cusps fuse on each side to leave a small central stoma; the term “‘commis- 
sures” has been aptly applied to the fused medial and lateral parts of the cusps. A moment’s 
consideration shows that, if the integrity and efficiency of the valve mechanism are to be preserved, 
any enlargement of the narrowed opening must be made along the line of the commissures. In this 
way, not only is incompetence avoided, but by restoring mobility to the fused cusps the efficiency of 
the valve is often improved in addition to relieving the stenosis. 

The safest and easiest approach to the valve is through the auricular appendage, and the best means 
is by introduction of the index finger. This method was first used by Souttar in this country in 1925. 
He used it on one patient with success but was unfortunately unable to secure further cases for operation. 
The atrial route is much safer and quicker and more efficient than an approach through the wall of 
the left ventricle. 

By introducing the index finger a rapid assessment of the state of the mitral valve is made; it is 
almost as if one sees with the finger. In addition, in most cases the finger can be used to enlarge 
the orifice by splitting the valve opening along the line of one or other or both commissures. The 
process is NoT one of simple digital dilatation; the valve commissures are actually split, often right 
oul to the atrial ring on both sides so that if the cusps are still thin and supple (as is not infrequent) 
a large and virtually normal valve opening is restored. In only a small proportion of cases (about 
1 in 10) is it necessary to use some form of valvulotome; this is best introduced on the index finger. 
My own preference is for a small, thin-bladed knife that adapts itself to the curve of the flexor aspect, 
takes up very little room, can be advanced or withdrawn at will, and can be used to make a necessary 
cul in just the right place. The routine use of an elaborate valvulotome adds greatly to the anxieties 
an‘! difficulties and to the risk of the operation. It is especially liable to cause laceration of the atrial 
wail and severe uncontrollable hemorrhage. 

lhe operation is usually well borne, takes little time, and is associated with small loss of blood. 
Most of my earlier cases were done through an anterior incision through the left third interspace 
with division of the third and fourth costal cartilages. I now use an antero-lateral incision through 
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the left fifth interspace with the patient lying on his right side and rotated 45 degrees backwirds. It 
is not necessary to divide a rib or cartilage and an excellent exposure is given. It is less disiurbing 
and less extensive than a formal long postero-lateral incision. 


Indications for Mitral Valvulotomy 

It is not possible here to discuss fully the indications for mitral valvulotomy. The type of case 
considered most favourable up to now is the one with a small heart and evidence (clinical, radiological 
and laboratory) of pulmonary hypertension with “pulmonary episodes” of pulmonary «:dema, 
cardiac asthma, nocturnal dyspnoea, orthopneea, hemoptysis, “bronchitis”, &c. Another important 
indication is disability. This is a feature about which we have hitherto been rather complacent, 
chiefly because once medical measures had failed to give relief, nothing more could be done for the 
patient, who was condemned to progressive invalidism and early death. It is the recognition of this 
desperate and sorrowful state that urges the patient to grasp so eagerly at the chance of relief that 
operation offers. The young patient in the late twenties or thirties is particularly eager as he or she 
sees nothing but a blank and hopeless future. The patient between 25 and 35 with mitral stenosis 
who is beginning to notice disability is bound to deteriorate steadily if unrelieved, and operation 
must therefore properly be considered early when the risk is less and the avoidance of invalidism and 
further permanent cardiac deterioration is possible. 

It is fair to say that the chief indication for mitral valvulotomy is mitral stenosis. This may sound 
a loose statement, and perhaps is liable to be misinterpreted, but it is one that demands our great 
attention. It does not mean that every case of mitral stenosis should be operated upon; it merely 
indicates that operation may need to be considered in each case. There may be reasons against it: 
the patient may be too young or too old; he may be too ill or not disabled enough; there may be 
some feature that is a grave contra-indication, such as severe aortic disease or unrelieved right-sided 
failure. One of the greatest contra-indications is active or recent rheumatic infection and for this 
reason we feel that most patients under 20 must be assessed with the greatest care. 

In many cases of mitral stenosis the question will not be whether operation is needed, but when it 
is needed. Our cardiological clinics doubtless have groups of these patients under regular observation 
and will be able to select the most favourable time for operation. 

It is important to distinguish between contra-indications to operation and merely unfavourable 
features. It has, for instance, been stated that auricular fibrillation and a history of embolism are 
contra-indications; that calcification of the valve is also a barrier to successful surgery. These features 
may increase the difficulties or the risk, but that they are not contra-indications is shown by the fact 
that many of our patients presented them. 

Thus auricular fibrillation was present in 20 cases; 5 deaths occurred among these in contrast to 
3 among the 27 in normal rhythm. Incidentally 8 patients developed auricular fibrillation after 
operation and 5 of these soon reverted to normal rhythm. 

Calcification of the valve was found in 19 cases. Embolism had occurred before operation in 5. 
Embolism may be rather an indication than a contra-indication. 

We have included cases with aortic disease when it has been considered not to be the dominant 
heart lesion. 3 cases with tricuspid regurgitation and right-sided failure have been successfully 
operated on. Right-sided failure is not necessarily a contra-indication providing it shows response to 
routine treatment. It may well be an extra indication that the heart is insistently demanding relief 
from the crippling mitral obstruction. 

Mitral regurgitation, especially if associated with aneurysmal dilatation of the left atrium and a 
large heart, we feel is probably not yet amenable to operative relief. The great difficulty is the pre- 
operative assessment or recognition of genuine, significant mitral incompetence. The mere finding 
of a systolic murmur is not in itself diagnostic or often even helpful. 

In addition to satisfactory clinical improvement, and especially the relief of disability and of pul- 
monary episodes such as cardiac asthma or pulmonary cedema, confirmation of the good results of 
operation is also obtained by the lessening of the degree of pulmonary hypertension measured at cardiac 
catheterization before and after operation. Thus in one patient, a woman in the middle twenties 
with accompanying aortic disease, the pulmonary artery pressure dropped from 130/56 mm. Hg 
to 40/10. In a man in the forties it dropped from 70/20 mm. Hg to 40/18. Cardiac catheterization 
has been used on all our cases; very often it furnishes evidence strongly in favour of operation, such 
as severe pulmonary hypertension with a further rise on exercise and a low cardiac output. In other 
cases it does not materially influence the clinical assessment. On the whole the information obtained 
from pre- and post-operative studies is more likely to be of greater use in the future than it is now: 
when a sufficient mass of data is assembled and studied with the related clinical features much of value 
should emerge. 

It is felt that the operation of mitral valvulotomy is now basically established in principle and as a 
valuable procedure that can give real relief to many and with a relatively low risk. No doubt there 
will be improvements in details of technique but the immediate concern for the future is not establish- 
ment of the operation; this has already been done. What is needed is careful selection of the type of 
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cases Suitable and, particularly, extension of the indications to embrace as many variants 4s possible. 
in addition it is important to apply and prosecute the various physiological methods of investigation 
and assessment in order that we may elucidate as much information as possible about the circulatory 
disturbances present and their correction. 

It is wrong now to limit operation to nothing but advanced and desperate cases. This was justifiable 
in the early days when the operation was considered hopelessly dangerous and was certainly untried. 
That stage has now been passed; the safety of the operation has been demonstrated and it is not 
only justifiable to apply it to the earlier, less severe type of case in which a better result with less risk 
is likely, but it is no longer wise or fair to surgeon or cardiologist to embark on this field of surgery 
by selecting the worst and most hopeless type of case. That way lies the great danger of high mortality, 
disappointment and discouragement, and retardation of the acceptance and development of this 
valuable addition to the treatment of rheumatic heart disease. 


Mitral Stenosis and Pregnancy 

It has been the custom in many cases of pregnancy in mitral stenosis to terminate the pregnancy 
and sterilize the patient. This practice has been in great part justified and even now may be the proper 
course in certain cases. It is important to point out, so that it may be taken note of by gynzcologists, 
cardiologists and others, that this policy now needs reconsideration. Apart from destroying the child 
and the hope of future children it may also destroy the marriage. Mitral valvulotomy may alter the 
situation so much that safe child-bearing is possible. Often this can only be settled when the valve is 
actually examined at operation. If a tough fibrous valve is found and but little improvement in its 
efficiency is achieved it may well be desirable to forbid child-bearing. If, on the other hand, a valve 
favourable for much improvement of function is disclosed then there may be no reason why pregnancy 
should be interfered with or forbidden. 

The safety and success of permitting the child-bearing was mentioned in a case of pulmonary 
valvulotomy, and also an example of pulmonary valvulotomy during actual pregnancy. We now have 
a similar patient on whom a mitral valvulotomy has been successfully done during early pregnancy 
and it is hoped that she will go safely to term and delivery. In this patient abdominal evacuation and 
sterilization had been planned elsewhere. This is a situation which is bound to arise with some 
frequency in cases of mitral stenosis, and it is desirable that the changed position afforded by 
successful mitral valvulotomy should be widely known and respected. 


CONCLUSION 


Our experience with direct heart operations is now sufficient to recommend their adoption in this 
way with confidence and with the sure knowledge that good results can be obtained with a low mortality. 
It is now abundantly proven that if handled properly the heart, even the diseased heart, is just as 
tolerant of interference as any other viscus in the body. Provided blood loss is corrected, skilled 
anesthesia is available, and the excitability of the heart is suitably controlled by the topical and 
systemic use of procaine, it will be found that “running repairs” can quite safely be performed on the 
heart. This is an important and fundamental contribution to our knowledge and means that we can 
continue to apply and develop this type of surgery further, until such time as the successful introduction 
of an independent circulation may enable us to operate on the dry heart. 
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Dr. Maurice Campbell: The recent advances in cardiac surgery call for the closest co-operation 
between physicians and surgeons, and this, not only because diagnosis may be difficult, but because 
the prognosis may often be excellent without surgical intervention, in spite of the presence of some 
degrce of heart disease. 

Wien the diagnosis is simple an angiocardiogram will often confirm it with certainty and add 
precision to the details, though in coarctation of the aorta and patent ductus, the information needed 
by the surgeon generally calls for aortograms or selective angiocardiograms, rather than ordinary 
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ones. When the diagnosis is not simple, the interpretation of the angiocardiogram often calls for 
much experience, and is more likely to be helpful when there is some idea of exactly what is to be 
looked for. 


The Surgery of Coarctation and Patent Ductus 


(a) I find it very difficult to advise about coarctation of the aorta. The patients have grave dangers 
ahead but generally feel well and can do most, if not all, they want and may have twenty or thirty 
years of an active life before them. An operative mortality of 11° with another 9% who cannot 
have successful anastomosis, and a further 9°4 who may not get the full benefits hoped for after 
operation (Gross, 1950) is a very heavy price to pay even for the hope of prolonging life and avoiding 
some of the future risks. 

It may be that in years to come, a lower mortality will make the decision for the physician less 
difficult, but the operation is one of great difficulty: it should, therefore, remain in the hands of those 
thoracic surgeons with special experience. If, in a patient under 20, the heart is becoming larger, or 
the blood pressure rising progressively, operation should generally be advised. Over 20 the risks 
are even greater and the indications should, therefore, be even more certain. 


(b) The Surgery of Patent Ductus Arteriosus 

This is an easier problem, but still not easy, because the patient is generally well and has a fairly 
good prognosis. Most children with this lesion feel able to do most of what they want and have a 
reasonable expectation of remaining in good health for twenty or thirty years. It is probably fair to 
say that few of them can expect to be in as good health after 40, and when symptoms become worse 
in middle life they may go downhill quickly. If operation could be performed with a negligible 
mortality, it would become the routine for all patients with patent ductus, for it is a complete cure, 
which is a higher standard than that for the rest of the surgery of the heart, as yet. In the hands of 
experts the operative mortality is probably 2 or 3°%, and when it falls to 1% for straightforward 
cases as in the hands of Professor C. Crafoord and some others, the improved prospects for the 
future and the disappearance of slighter symptoms of which the patient was hardly aware, will be 
an adequate reason for all patients to be operated on. In my view, these facts should be put before 
the parents and the decision made in full consultation with them. If, in a child, the heart is already 
enlarged and the pleonemic lungs and the peripheral signs show that there is a large amount of blood 
passing through the ductus, the operation should be advised at once. As safety is of such prime 
importance, ligation should be the routine method for most surgeons, in spite of the small risk of 
recanalization. 


Subclavian-pulmonary Anastomosis for Fallot’s Tetralogy 

and other related conditions. There is already a good deal of experience of the results of this at many 
centres. The operative mortality is higher for this more complicated procedure but not now above 
10%, and 80 % of the patients can expect an enormous increase in their capacity and in their expectation 
of life. Here, the risk will be readily accepted, and the older patients who can discuss it themselves 
are more than ready to face an even higher risk, owing to their great disability, often made worse 
by the realization that they are becoming less and less capable even of the limited life they have led. 


Pulmonary Valvulotomy 

Turning to direct operations on the heart, and taking pu/monary valvulotomy first, this proved a 
dangerous operation at first, owing to the very serious cases that were put before the surgeon. Mr. 
R. C. Brock has now shown that it can be reasonably safe in patients who have not reached the stage 
of very large hearts and congestive failure, and it is quite certain that the results can be as brilliant 
as those of the Blalock-Taussig operation. 

In pulmonary stenosis with a closed inter-ventricular septum, valvulotomy is the only operation 
that can be performed with any hope of lasting success. When the stenosis of Fallot’s tetralogy is 
valvular there is a choice between this and the Blalock operation, and both can be very successful, 
but the final decision as to which should be advised can only come from a longer follow-up of more 
cases than are at present available. Pulmonary regurgitation has not been a complication as was 
feared, and no patient has developed any signs suggesting this. (Since this meeting 2 patients have 
developed signs suggesting regurgitation, one shortly after operation, where it is too early to say how 
far this may mar his improvement; and one who is doing extremely well eighteen months :fter 
operation.) 


Infundibular Resection 

With one exception, all these operations on the heart have become safer with increasing experience. 
But infundibular resection for the cases of Fallot’s tetralogy with infundibular stenosis has not produced 
such good results as in the first cases reported by Brock and Campbell (1950). This may prove 4 
temporary phase but more experience is needed before the operation can be looked on as a routine 
alternative to a subclavian-pulmonary anastomosis. 
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Mitrai Stenosis 

In mitral stenosis it has already been established that many patients can be greatly improved. 
It is too early to answer the question as regards all types of mitral stenosis. There are two chief 
points to consider: (1) how much of the disability is mechanical from the valvular obstruction; 
and (2) how much of it is due to myocardial disease. Obviously the patients likely to do best are those 
where the disability is mainly due to the obstruction and only slightly to the damaged heart muscle, 
and these are particularly the patients about 25-40 with attacks of cardiac asthma and pulmonary 
edema and with orthopnea, but with a heart that is not very large. In these cases, one can confidently 
expect relief and great improvement in their conditions without much risk. The most important 
contra-indication to valvulotomy is rheumatic activity or the chance of this recurring; and, for this 
reason, patients under 20 are rarely suitable. Neither mild aortic valvular disease nor slight mitral 
incompetence is a contra-indicaiion; gross aortic or mitral incompetence is another matter. Patients 
with long-standing congestive failure have passed the stage when they can best be helped, but whether 
they can be helped with reasonable safety is a problem still to be solved. 

Since the first successful mitral valvulotomy in 1948, two and a half years have elapsed, and it is 
already clear that improvement has been maintained in all but one of the cases followed up. The 
results have been surprisingly good and there is no question of a quick relapse. Mitral incompetence 
does not generally result from the operation. There is some evidence that pulmonary hypertension 
is reversible in these cases, and sometimes the fall in pulmonary artery pressure is gradual rather than 
abrupt. Mitral stenosis will have to be a problem for many thoracic surgeons, as the numbers involved 
are far too large for a few special centres. 
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DISCUSSION ON THE REPAIR OF INJURIES TO THE COMMON BILE DUCT 
Benign Strictures of the Extrahepatic Bile Ducts 
By Howarp K. Gray, M.D., F.A.C.S. 


Division of Surgery, Mayo Clinic, Rochester, Minnesota 


Ir is doubtful that anyone who has had the responsibility of caring for a patient with benign 
stricture of the extrahepatic bile ducts will disagree with the statement that there is no more distressing 
situation in abdominal surgery. The situation is distressing for a variety of reasons, not the least of 
which is the fact that it should and could have been avoided in the great majority of instances. The 
unfortunate features of this condition may be emphasized further when it is considered that 
approximately 70° of these patients will be less than 50 years of age and approximately 25% will 
be in the fourth decade of life. Recurrence of stricture in an appreciable number of patients, 
irrespective of the method by which the lesion may have been attacked initially, will impose subsequent 
operation or operations in addition to the associated distress, risk, expense, prolonged morbidity 
and catastrophic disruption of normal domestic affairs of patients in this age-group in which such 
responsibilities frequently have increased to a point where the patient is indispensable. This 
combination of circumstances makes it imperative that any surgical procedure on the biliary tract 
shall be approached and executed with the caution and the respect that it rightfully commands. 
That this concept of the problem is not appreciated widely is attested to by the all too frequent casual 
assignment of the patient with disease of the gall-bladder to the least qualified surgeon in a teaching 
programme and by the willingness of independent practitioners who have had minimal surgical training 
to assume such responsibility without evident twinge of conscience. 


INCIDENCE 

it is not possible to determine the incidence of the development of benign stricture of the extra- 
hepatic bile ducts following operative procedures for lesions of the gall-bladder, owing to the dearth 
of any statistical material on the subject except from large institutions. For obvious reasons these 
Statistics will not be representative of the general experience. It is important to note that lesions in 
thi: category are being reported with what apparently is increased frequency. Whether or not this is 
an indication of a relative enlargement of the number of these unfortunate individuals or is evidence 
of creater interest in the subject is an unanswerable question. 
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The number of patients operated on at the Mayo Clinic with the diagnosis of stricture of the common 
hepatic or common bile ducts in the years 1941 to 1950, inclusive, is indicated in Fig. 1. Prior to 
1941 the number of patients who came to operation for this condition remained consistently in direct 
proportion to the number of operations on the biliary tract and to the total number o} major 
operations for the respective year. It will be seen that the number increased rapidly after (943 to 
reach a peak in 1947, and that a most gratifying reduction has occurred in the past three years, By 
comparing Fig. | with Figs. 2 and 3, it is apparent that this discouraging increase during tie years 
1944 through 1947 was real and not directly proportional to any change that occurred in the total 
operations on the biliary tract or to the total major operations performed in the corresponding years, 

It is interesting to speculate as to the cause of such an impressive increase during the last two years 
of World War II and the first two post-war years. One reason was unquestionably the fac: that a 
large number of qualified surgeons had been inducted into military service during this period and 





Fic. 1.—Number of operations for benign stricture 
of the extrahepatic bile ducts in the years 1941 to 1950, 
inclusive. 
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Fic. 2.—Ratio of the number of operations for benign 
stricture of the extrahepatic bile ducts to the total 
number of operations on the biliary tract performed in 
the indicated years. 
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that many small communities lacked professional care by persons who had had the privilege of 
adequate surgical training. It is not inconceivable that some younger surgeons who had been given 
more responsibility during the emergency than would have been assumed in normal circumstances 
returned to civilian practice for a variety of reasons instead of pursuing the training that had been 
interrupted. 

In Table I the type and number of operations in each year have been indicated. As accurately 
as can be determined, it is safe to assume that at least 40°% of these operations were performed for 
re-stricture of the common hepatic or common bile duct. 


TABLE I.—OPERATIONS FOR STRICTURE OF THE COMMON HEPATIC OR COMMON BILE Duct 








Total 
Type of operation 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950* 1941-1950 

Hepaticoduodenostomy .. 10 10 14 22 25 19 23 26 24 17 19( 
Choledochoduodenostomy 6 3 5 4 5 12 20 12 11 13 9} 
Hepaticojejunostomy _ 3 i I _- I 7 10 13 5 4] 
Choledochojejunostomy = a — — — — | Pm 2 — é 
Reconstruction of duct 2 5 ss 10 15 21 9 9 3 4 85 
External biliary drainage .. 4 11 9 16 20 15 15 14 12 10 128 
Others eB 6 5 4 8 15 29 30 22 22 18 159 
Total 30 7 40 61 80 97 105 96 87 67 700 


*Data obtained prior to preparation of annual report. 
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ETIOLOGY 

It is apparent from the foregoing comment that the writer entertains the opinion that the most 
significant factor in the production of benign strictures of the extrahepatic bile ducts is trauma 
to them at the time of cholecystectomy. All surgeons would seem to be in agreement on this point, 
for it is not possible to elicit a contrary opinion from one who has had the opportunity to observe 
an adequate number of patients who are suffering from this unfortunate malady. The statement 
has been made that for practical purposes all strictures of the common and hepatic bile ducts are 
man-made strictures. As a corollary to this statement, it seems justifiable to say that for practical 
purposes benign stricture of the common bile duct should not occur. 

Such a catastrophe can be avoided in the majority of instances through the exercise of proper 
care in isolating and visualizing the distal portion of the common hepatic bile duct and the proximal 
portion of the common bile duct before sectioning what may have been assumed to be the cystic 
duct. Because of the occasional anatomic variations which occur in this region and because the 
tissues not infrequently are greatly distorted by inflammatory reaction, the surgeon may be unable 
to demonstrate the individual structures and should, therefore, refrain from sectioning any structure 
of whose exact nature he is unsure. One would expect that a high percentage of strictures seen 
would be in patients in whom the procedure of cholecystectomy was carried out under such adverse 
circumstances as marked obesity or the presence of subacute or acute inflammation with a marked 
degree of pericholecystic or pericholedochal reaction or both. Such an explanation may serve 
satisfactorily as an excuse but it does not stand scrutiny as a reason for the development of a stricture. 
In our experience, the great majority of these patients have been relatively thin individuals and the 
process has not been acute at the time of cholecystectomy. Perhaps the surgeon who lacks sufficient 
technical skill to avoid injury to the ducts when no complicating features exist may have had a 
wholesome respect for the acutely inflamed gall-bladder and has refrained from operating or has 
performed a more conservative procedure, that of cholecystostomy. 

Although inadvertent trauma at the time of operation would seem to be the most important single 
factor in the development of a benign stricture, other rare causes have been reported and may be 
listed as follows: exploratory choledochostomy; strangulation of the common bile duct by products 
of inflammation following perforation or penetration of a duodenal ulcer; benign tumours of the 
common bile or the cystic duct or both; pancreatitis; severe spasm of the sphincter of Oddi with 
cicatricial stenosis in the ampullary region; mural ulceration and cicatrization as the result of trauma 
inflicted by an impacted choledocholith; obliterative cholangitis; penetrating wounds; and congenital 
anomalies. 

That a certain number of strictures may result from a severe inflammatory reaction in the ducts 
when no stones have been present and when no other trauma has been inflicted is unquestioned 
but the number must be relatively small, as the process under such circumstances would be likely 
to be more diffuse than that which would produce the localized areas of stricture seen in the majority 
of cases. It would be expected that an inflammatory process of such magnitude as to obliterate the 
extrahepatic bile ducts would extend also to involve the intrahepatic ducts, but, when suspected, 
rarely is it possible to substantiate the diagnosis of obliterative cholangitis even though adequate 
portions of hepatic parenchyma have been removed for microscopic examination. 

Intentional trauma to the common bile duct or to the common hepatic bile duct, such as is imposed 
when searching for calculi, may result in cicatricial contracture and stricture, but this rarely occurs 
if the surgical principle is followed of incising a tubular structure only in the longitudinal direction and 
if great care is taken to avoid traumatizing instrumentation. Forcible attempts to pass a probe or 
dilator through the sphincter of Oddi when resistance is encountered may result in a false passage 
with the development of an extensive amount of pericholedochal and retroduodenal inflammation, 
an abscess or even generalized peritonitis. The sequelz of such a process may well produce a stricture. 
To explore the common bile duct when the accepted criteria have not been fulfilled is a policy to be 
condemned, for the added risk of a fatality or prolonged morbidity would appear to be greater than 
the possibility of overlooking a calculus. 


DIAGNOSIS 
The most frequent symptom of stricture of the common bile duct is obstructive jaundice which 
will have developed in approximately 40% of patients within a few days after cholecystectomy if no 
external biliary fistula has become manifest. A large number of patients may show no evidence of 


jaundice until the second post-operative week and a small number may not become jaundiced for 


several months or even years after trauma has been inflicted on the bile duct, although many of the 
last-named group will have had symptoms referable to the biliary system in the interim. 

Tc history of an intermittent external biliary fistula, with intervening episodes of jaundice when 
the stula is closed and subsidence of the jaundice when the fistula is draining, is characteristic of 
Stric' ure but a calculus in the common bile duct may produce the same symptom complex, and it 
ma} >e difficult if not impossible to make an exact differential diagnosis prior to surgical exploration. 
The ristory of a biliary fistula following cholecystectomy for even a few days with the subsequent 
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development of persistent or intermittent jaundice is sufficient evidence upon which to make 
presumptive diagnosis of stricture with the hopeful realization that a calculus within the duct may 
produce an identical clinical picture. 

Such symptoms as pain, nausea, anorexia, vomiting, chills, fever, and pruritus are noted very 
frequently in this group of patients. Subjective complaints will vary directly in intensity with the 
emotional reaction of the patient to stress and the secondary effect upon closely related orzans, in 
particular the liver and pancreas. The former is notoriously prone to deleterious parenchymal 
alterations as a result of persistent or intermittent obstruction of the extrahepatic bile ducts, and it 
is to this characteristic of the liver that a portion of the tragedy of the condition is attributable, 


TREATMENT 

The surgical management of stricture of the common bile duct naturally concerns itself with four 
categories or groups of patients. 

In the first group of patients the extrahepatic bile ducts may appear to be dilated but no visible 
site of stricture can be demonstrated because the lesion has occurred in the distal portion of the 
common bile duct. Careful attempts to pass a probe or small dilator will be unsuccessful and many 
times the exact nature of the obstructing lesion cannot be determined although the presence of an 
impacted calculus or tumour usually can be detected. Rather than impose the appreciable degree of 
trauma that would occur in any additional attempts to ascertain the status of the distal portion of 
the common bile duct, a side-to-side choledochoduodenostomy may be performed in order to re- 
establish adequate internal biliary drainage (Fig. 4). 

In the second group of patients a sufficient length of the duct distal to the strictured site may be 
mobilized to permit excision of the strictured part and end-to-end anastomosis without tension. 
Normal choledochal continuity is retained by this procedure which has proved to be the most 
satisfactory from both anatomic and physiologic considerations but unfortunately the set of circum- 
stances which permits such a procedure is rarely seen. In order to serve as a prosthetic appliance 
and reduce the tendency for the scar tissue to contract at the site of anastomosis, a T tube should 
be inserted either above or below the anastomosis in such a manner that the appropriate limb of 
the tube will extend beyond the sutured part. The tube may be left in place approximately six months. 
This period of time has been chosen arbitrarily because it would seem that the maximal degree of 
contraction of the scarred site should have occurred and because the retention of such a foreign 
body in the duct for a longer period of time will result in irritation and intraluminal accumulation 
of bile pigment. By placing the T tube in the duct through a small longitudinal incision at some 
distance from the anastomosis, unnecessary trauma may be avoided when the tube is withdrawn 
(Fig. 5). 

In the third group of patients an appreciable remnant of the common hepatic duct or even 
sufficient duct to include a portion of the common bile duct may be present so that a direct anastomosis 
with the duodenum can be effected. In most instances the intact duct will be moderately dilated 
proximal to the strictured part. One of three methods of anastomosis may be appropriate: 
(1) performance of an end-to-side hepaticoduodenostomy or choledochoduodenostomy in which an 
accurate anatomic communication is made without any type of supporting prosthetic appliance 
(Fig. 6a); (2) a similar type of anastomosis is made with the addition of some form of appliance, 
such as a rubber, vitallium or polythene tube which is sutured in place with the substance projecting 
through the anastomosis (Fig. 65); and (3) an anastomosis as has been constructed in the two 
preceding methods is made but in addition a T tube is inserted through a small longitudinal incision 
in the duct proximal to the anastomosis in such a manner that the distal portion of the tube contained 
within the duct will extend through the anastomosis and project into the duodenum (Fig. 6c). 

In the fourth group of patients no appreciable remnant of the common hepatic duct may be found 
and some type of anastomosis at the hilus of the liver is required. This group represents the most 
frequent type and a technical problem in many instances that is surpassed in difficulty by few, if any, 
surgical procedures within the abdomen. When a cuff of the hepatic duct has finally been isolated 
(occasionally within the substance of the liver), three methods of reconstruction have proved to be 
helpful: (1) direct anastomosis is made to the side of the duodenum with the addition of some form 
of prosthetic appliance as was mentioned in reference to the patients in group 2 above (Fig. 7a): 
(2) a small opening is made in the portion of the duodenum that can be mobilized to the hilus of the 
liver without tension and without distortion and the edges of this opening are sutured to the capsule 
of the liver rather than to the remnant of the duct. A T tube of appropriate size is placed in sucha 
manner that the proximal portion of the T will extend into the remnant of hepatic duct while the 
distal limb will project into the duodenum. The vertical portion of the T is brought out between the 
liver and the duodenum to the surface of the abdomen (Figs. 7b and 7c); and (3) a defunctioned 
portion of jejunum is brought up to the hilus of the liver and an end-to-end hepaticojejunosto ny is 
made (Fig. 8a). This procedure has many advantages but may be difficult to perform because of 4 
short jejunal mesentery. Before transecting the jejunum, care should be exercised to determine that 
the particular loop of jejunum that has been selected will reach the hilus of the liver without tension. 
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The jejunum is then transected and the mesentery incised toward the base in such a manner as to 
preserve adequate blood supply. Through a small opening in the transverse mesocolon, the end 
of the distal segment of jejunum is brought to the hilus of the liver and sutured to the capsule of 
the liver around the opening of the duct. A short prosthetic appliance may be used which projects 
into the duct and into the jejunum, or a fenestrated catheter may be inserted in the jejunum at some 
distance from the liver and the tip placed in the duct as far as can be accomplished without force. 
The opening in the jejunum is closed around the catheter as is done in making a Witzel type of 
enteric stoma (Fig. 84) and the catheter is brought out to the surface of the abdomen. The advantage 
of the catheter over the short appliance rests in the ability to remove the substance that is maintaining 
the patency of the duct without imposing another laparotomy. The disadvantages of the short 
appliance are that it may pass prematurely and that irrespective of the substance from which it js 
constructed, bile pigment may cause occlusion of the lumen and a second operation may therefore 
be required to remove it. 
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PROGNOSIS 


That approximately 40% of the patients operated on for stricture of the common hepatic or 
common bile duct have undergone at least one previous attempt at repair of this unfortunate condi- 
tion is ample evidence that the prognosis should be guarded. Statistics relating to all patients suggest 
that approximately 60°% will obtain a “satisfactory result’. To achieve a unanimity of opinion as 
to what constitutes a ‘satisfactory result” is an extremely difficult if not impossible task. When it is 
considered that an observer, whose intentions have been to report the results of any operative 
procedure with unquestioned honesty, may be influenced unconsciously to interpret various factors 
in a more favourable light than would be done by a disinterested person, it would appear reasonable 
to reduce this per cent of “‘satisfactory results’’ to not more than 50. 


To perfect methods by which the discouraging prognosis will be improved is a challenge to all 
surgeons. Of far greater importance, however, is the abolition of a casual attitude toward primary 
operations on the biliary tract and an honest recognition of the fact that, for practical purposes, the 
responsibility for the development of a stricture of the common hepatic or common bile duct rests 
squarely on the shoulders of the surgeon. There can be no argument that would refute the statement 
that the most satisfactory treatment of stricture of the extrahepatic bile ducts consists of the avoidance 
of the lesion in the first place. 


o-oo - a... = nae? a 


=o: 


Mr. A. Dickson Wright: The large number of cases reported from America, especially from centres d 
in Chicago, Boston and Rochester, is probably a result inevitable from the great distances in that tl 
country and the impossibility of having first-class surgery in the small remote centres. Possibly the Cl 
new decentralization policy in this country will lead to more of these interesting but unhappy cases Ci 
becoming available. 


In my small series of 9 cases, it may be of interest to note that in 4 of these cases the injuries were 
inflicted by surgeons of our highest class and 4 by the lower ranks ([ refrain from classifying the ninth, 
my own Case). se 

In only one was cholecystectomy done in the acute stage and in the other 8 cases the operation 
should have been easy because none of the patients was of difficult physique. In my own case, the 
operation was distressfully easy and when [ found [ had cut the ducts (which I did at once) I was be 
filled with chagrin at the wantonness of the act. Warren Cole has also drawn attention to the fact 
that it is in the easy case with ducts unusually accessible that the accident happens. In this case in 
I had removed the junction of common and hepatic ducts and, using a rubber Y tube, [ reunited the a 
severed ducts to the common duct. The patient died three years later from an accident and the tube sp 
was found at the inquest (unencrusted) in the ducts and there had been no trouble of any kind. ar 


Of the remaining 8 cases 2 had had previous efforts at repair by the surgeon responsible for 
the cholecystectomy. In the first of these [ did a repair, but unfortunately the T tube was removed P 
in error on the seventh day; nevertheless she remained well for a year till the jaundice and rigors ha 
recurred. The operation was repeated with a good result after three years (three operations 
in all). 

In the second case the lower end of the duct could not be found, so the distended upper end was § ¢,, 
widely opened and a Roux anastomosis carried out. The result in this case makes one very enthusi::stic 
over this method which is also endorsed by Cole. 


In the six remaining cases, [ united the duct without great difficulty and they all did well except 
one (fifteen years ago) and he died of renal failure (hepato-renal syndrome) after ten days. He was 
a very bad case with a liver filling the whole abdomen and jaundice of twelve months’ duration. 
Possibly with an improved knowledge of these cases he could have been saved by more attention to 
pre- and post-operative care to prevent renal failure. In this and 3 other cases the T tube method was 
used and in the remaining 2, which were uninfected, the indwelling tube with a silk holding stitch 
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was used. In all the cases of repair over a tube I performed a thorough transduodenal papillotomy 
with the diathermy and allowed the tube to protrude into the duodenum for half an inch. I agree 
with Sir Thomas Dunhill rather than Lahey in this because I believe that although normal bile will 
escape ireely from the papilla, the mucoid gritty stuff often found in these cases will not and as 
with the ureter it is stasis rather than reflux that causes chronic infection. Recurrence of the stricture 
after suture must be greatly predisposed to by this infected bile, so I am all for free drainage and also— 
and this is omitted by Lahey—I favour strenuous efforts to sterilize the bile by chemotherapy con- 
trolled by a careful bacteriological study of the bile. This chemotherapy is not directed at the 
prevention of rigors so much as to giving a sterile field for the smooth healing of the anastomosis 
and the hole from which the T tube comes. Therefore I feel that the important time in which to keep 
the bile sterile is for two weeks after the operation, and for the same period after removal of the 
tube. 

[ feel that some case should be made for a stricture developing without gross careless injury to 
the ducts and there are good reasons for believing the common duct can even form spontaneous 
strictures apart from injury. I have notes of 5 such cases of benign stricture of the common bile duct 
apart from operation. In none of these cases were there any gall-stones or gall-bladder disease. 
In 2 there was a hardish pancreas and in one the jaundiced patient was admitted with a perforated 
duodenal! ulcer. This last case was especially interesting; the perforation was closed and the gall- 
bladder seemed normal on inspection and so was left, the jaundice being considered due to 
edematous changes reaching the bile papilla. The jaundice persisted, however, and the common 
duct was explored after three months; an annular stricture was discovered at the point where the 
common duct reaches the upper border of the duodenum. The stricture resembled an iris diaphragm 
and was easily broken with a sound and as the bile was uninfected the duct was closed. The gall- 
bladder, which appeared normal though distended, was left. Nine months later he was admitted with 
jaundice and rigors. A gall-bladder full of stones was removed and stones and debris from the 
common duct. The stricture had not recurred, so the duct was sewn up and papillotomy done and 
he is now well. 

Odditis or papillitis is now a recognized disease and illustrates the tendency for the bile duct to 
stenose. Furthermore, surgeons of experience have nearly all noticed at some time or other a dense 
fibrosis of the lower common duct in the present of stones and I have on two occasions performed 
a choledochoduodenostomy for this. With these occurrences in mind it is easy to imagine that a 
stricture could form especially with infected bile as the result of the inevitable trauma incurred in 
common duct exploration; in addition, the shedding of a little talcum powder could induce a common 
duct stenosis. I also feel that the method of draining the cystic duct region by means of a tube 
threaded over a long ligature from the cystic duct is dangerous because of decubitus damage to the 
common bile duct. So it is possible that cases of stricture after cholecystectomy are not all due to 
carelessness. 

For the prevention of gross injury very wide precepts have been laid down by many authorities, 
but they all seem to fail to stress two important points: 

(1) To give up clamp or forceps entirely for the deep work. The cystic duct and artery are tied 
separately and in continuity, passing the thread with an aneurysm needle, or drawing it through 
with curved forceps. 

(2) To keep the field dry with diathermy. Blunders will be few in a dry field and should a duct 
be cut it will be observed and repaired at once. 

A fruitful cause of disaster is the opening of a large vessel, and forceps are plunged recklessly 
into the depths and the theatre rings with angry cries and grunts. This must be dealt with in quite 
a different way; a small pack, preferably of stryphnon gauze, must be placed accurately on the 
spurter and when controlled attention must be directed to something else, hemostasis of the parietes 
and omentum, dissection of the gall-gladder from the fundus down, appendicectomy, exploration 
of the pelvis, discussion of topical events, &c., &c. After fifteen minutes’ delay thus usefully 
spent, the suction is got ready, retractors carefully placed and with long dissecting forceps in each 
hand, the plug is removed and the little trickle revealed is easily sealed with diathermy. Then a piece 
of muscle or Gel foam is used on the spot and the operation finished in the usual way. 

There are some who hold that gigantic incisions such as recommended by Mallet-Guy will prevent 
accident, but this does not harmonize with the fact that it is in the easy cases that the duct is divided; 
furthermore, if one observes surgeons working through long incisions it will be noticed that they are 
using only the upper or inner end of the long wound. 


Professor Charles Wells (Dept. of Surgery, University of Liverpool) presented records of 17 personal cases; 
demonstrated by a series of line drawings: 

(1) !\undice three days after cholecystectomy. The wound was explored and the suture on the cystic duct 
remov i. This was constricting the common bile duct which was relieved by removal of the suture. 

(2) One case of simple stricture of the duct relieved by dilatation and an indwelling tube which was voided 
after a1) unknown interval. The patient remains well after two years. 
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(3) One case of transection of the common duct at an operation where Professor Wells was assisting his 
own registrar. (a) Immediate repair over a catheter was followed by a stricture. (6) At a further operation 
direct anastomosis of the common hepatic duct to the duodenum was followed by a stricture. (c) {nsertion 
of a vitallium tube between the common hepatic duct and the duodenum gave relief. The tube is stil! in sity 
and the patient well four and a half years after operation. 

(4) One case of transection of the duct in the course of a difficult operation following partial cholecy:\ectomy 
done elsewhere. The duct was repaired over a vitallium tube which remains in situ. The patient is well two 
and a half years after operation. 

(5 and 6) Two cases of reconstruction over a vitallium tube. (a) One did well for three years, died from other 
causes, and at post-mortem was found to have debris in the tube. (b) The other is well two and a half years 
after operation with the tube in situ. 

(7) A similar case of reconstruction over a vitallium tube. Four years after reconstruction jaundice recurred, 
The tube was found blocked with debris. The lumen of the duct was clear. A T tube was inserted at « recent 
operation. Cholangiograms are satisfactory. 

(8) One case of hepatoduodenostomy over a vitallium tube. This was voided after six months and a further 
stricture developed. Anastomosis of a Roux loop over a conical catheter (Warren Cole) was successful for 
fifteen months. Symptoms recurred and an indwelling fenestrated catheter with external drainage is now in 
position. 

(9 and 10) Two cases of anastomosis of the common hepatic duct to the jejunum, using a Roux loop (Warren 
Cole). At operation the duct was visible below the hilum of the liver. Both cases have done very well. 

(11) One case of intrahepatic anastomosis of a Roux loop to the junction of the hepatic ducts. This case is 
satisfactory three months after operation. 

(12) One similar case in which the anastomosis to the intrahepatic ducts failed. This has since been corrected 
by an indwelling fenestrated catheter. 

(13) One case of intrahepatic duct anastomosis to a Roux loop over a fenestrated indwelling catheter. Very 
well six months after operation. 

(14) One case of obstruction due to a mass around the common hepatic duct, relieved by incision and 
indwelling fenestrated catheter. 

(15) One case nine months after gastrectomy in which the bile duct had been damaged. Direct anastomosis 
of the cut end of the common bile duct to the duodenum. Very well three years post-operation. 

(16 and 17) Two cases of injury to the common bile duct at gastrectomy. Treated by anastomosis of the 
open end of the duodenum to the fundus of the gall-bladder. Both well five years after operation. 

There had been no mortality in this series of some 25 operations. The most seriously ill patient (Case 12) 
was the one whose jaundice persists. Microscopic examination of his liver showed advanced biliary cirrhosis 
and Professor Wells feared his first exploration was too long delayed. Such delay might be dangerous. 

Discussing these cases, he would agree that in about a half one must be prepared for some disappointment 
more or less. The vitallium tube retained its lustre through the years but seemed certain to become t locked 
with debris and should therefore be eschewed. He felt satisfied that the Warren Cole technique employing the 
end of a Roux loop was excellent when one could view some part of the strictured common duct outside the 
liver. He had found it too difficult and uncertain in its results when the only available duct was deeply situated 
within the liver. In these cases the fenestrated catheter seemed to offer good promise of lasting success and he 
had been greatly encouraged by what he had just heard from Dr. Howard Gray, who had unrivalled experience 
on this subject. 


[Owing to space shortage Professor Wells’ line drawings are not reproduced.] 


[June 6, 1951] 


FESTIVAL MEETING AT THE WESTMINSTER HOSPITAL AND SCHOOL OF MEDICINE 


Frank Thomas Paul—Centenary of His Birth, and His Achievements.—Dr. W. R. Bett. 


Film.—‘‘Cancer of the breast.” Produced by the Central Office of Information for the Ministry of 
Health. 


Report on 14 Cases of Pelvic Viscerectomy (Brunschwig’s Operation): Specimens Were Shown.— 
Mr. STANLEY LEE. 


Physiological Response to Surgical Treatment.— Mr. ANDREW JESSIMAN. 


The Two Million Volt X-ray Generator. Its Clinical Use. Demonstration of the Apparatus «t the 
Westminster Hospital—Dr. C. W. WILSON. 






Surgical Pathology. Demonstration of Specimens of Interest.—Dr. GEoRGE Lums. 
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S now in The Anatomy of the Eighth Cranial Nerve in Man 
(Warren By C. C. D. SuHute, M.B., D.L.O. 
. Anatomy Department, London Hospital Medical College 
IS CASE is 
Tue innervation of the otic labyrinth has been much studied in animals, and to a lesser 
corrected extent in man, but in spite of this there are many problems connected with it which have 
remained unsolved. Interest has recently been rekindled in the finer points of its anatomy by 
er. Very the suggestion that the auditory nerve, which has long been regarded as wholly sensory, may 
; carry an autonomic motor component. The function of such motor fibres, if present, might 
On Gas be to control either the secretion of endolymph by epithelial cells of the stria vascularis and 
rhaps other parts of the membranous labyrinth, or the calibre of blood vessels supplying it. 
wend = : ; ; 
eat ce It is well established that the vessels of the inner ear are supplied with nerve fibres, 
is of th probably derived from the sympathetic plexuses accompanying the vertebral arteries. At 
oe the same time it is possible that the cranial parasympathetic outflow is not limited, as is 
Case 12 usually supposed, to the third, seventh, ninth and tenth cranial nerves, but in addition 
<itthose | Contributes secretomotor or vasomotor fibres to the eighth nerve. Thus Garnett Passe 
meaty (1951) has based a surgical treatment of Méniére’s disease on the theory that the functional 
a pathology of this condition is a sympathetic hypertonus which upsets the normal sympathetic 
Flocked and parasympathetic balance. It is difficult to prove anatomically the presence of motor 
oying the fibres, or to map out their possible pathways and connexions, so long as there remains any 
itside the doubt concerning the general innervation pattern. There is therefore a great need to 
/ situated reinvestigate the peripheral distribution of the auditory nerve in man. 
wt The commonly accepted version of the innervation of the human labyrinth is illustrated by Fig. 1, 


which has been redrawn from an original diagram by de Burlet. The vestibular and cochlear ganglia 
and their branches are shown. The cells of both these ganglia remain bipolar throughout life, giving 
rise to peripheral and central processes which run in the nerve bundles to the labyrinthine end-organs 
and to the brain-stem respectively. The vestibular ganglion is situated within the internal auditory 
meatus and is double, being divided into an upper and lower part. The central processes of the 
superior vestibular ganglionic cells form the upper division of the auditory nerve. The peripheral 
branches of the superior vestibular ganglion run to the ampullz of the superior and lateral semicircular 
ducts and to the utricle. In the diagram the superior ampullary fibres are shown leaving the ganglion 
below those to the lateral ampulla, but this is incorrect: they should in fact be uppermost. The 
inferior vestibular ganglion gives off the main nerve to the saccule and the nerve to the posterior 
ampulla. The spiral or cochlear ganglion occupies the spiral canal of the modiolus. Its central 
processes join those of the inferior vestibular ganglion to form the inferior division of the auditory 
nerve 


If this were the whole story, the representation of the acoustic receptor organs in the 
various groups of ganglionic cells would be quite clear-cut. But a number of connecting 
F . nerve bundles have also been reported of which only two of the larger are shown in Fig. 1. 
nistry ol These more or less constant nervous reinforcements may be classed as (a) supplementary 
nerves to the saccule, which have been described as running to the macula from the superior 
vestibular and cochlear ganglia; and () intrameatal anastomoses, linking the various ganglia 
and nerve trunks as they lie in the internal auditory meatus. The geniculate and superior 
vestibular ganglia, the two vestibular ganglia, the inferior vestibular ganglion and the 
cochlear nerve, the facial and cochlear nerves, have all been said to communicate. Finally 
(c) intraganglionic bundles have been found within the substance of the ganglia themselves. 
as at the Much difficulty has been encountered in determining where the parent cells of these various 
fibre bundles are located. An intraneural anastomosis may ultimately be derived from a 
remote ganglion on one of the nerves which it connects. An anastomosis which is topo- 
graphically interganglionic may arise from the bodies of either cell group to which it runs. 

Dic.—OTOL. AND LARYNG. 1 
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On the other hand, the parent cells of all these connecting bundles of the labyrinth :nay be 
situated within the central nervous system, so that their fibres merely pass throuvh the 
peripheral ganglia. They may in fact be, as some workers have believed, motor fibres. 
Before setting out the present findings a summary will be given of various views tha: have 
been held. 

Most textbooks of gross anatomy mention a connexion between the facial and auditory nerves. 
Lorente de N6 (1926) demonstrated by histological methods in mice a facio-cochlear anasiomosis 
which he believed carried sympathetic fibres to the cochlea from the internal carotid plexus via the 
petrosal nerves and the tympanic plexus. A vestibulo-cochlear anastomosis was first described by 
Oort (1918), running from the inferior vestibular ganglion to join the cochlear nerve in the region 
of the basal coil of the cochlea. Its position is indicated in Fig. 1. Opinion since has been divided 
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Fic. 1.—Standard diagram of the innervation of the mammalian labyrinth. Redrawn from ‘Textbook 
of Histology” by Maximow and Bloom, after de Burlet (W. B. Saunders, Philadelphia and London). 


as to whether the bundle is formed by peripheral processes of vestibular ganglionic cells innervating 
the cochlea, or by aberrant central processes of cochlear ganglionic cells traversing the inferior 
vestibular ganglion. Lorente de No (1926) strongly urged the latter interpretation. Poljak (1927) on 
the other hand inclined to the former, and was also the first to raise the possibility that the fibres 
might be autonomic. G. L. Rasmussen (1946) approached the problem from an experimental angle. 
He found that in cats a myelin degeneration could be produced in Oort’s bundle as a result of a 
lesion in the hind-brain between the facial colliculi. He therefore concluded that the vestibulo- 
cochlear anastomosis was not sensory, but consisted rather of preganglionic parasympathetic fibres 
to the cochlea. He was, however, unable to detect among the bipolar cells of the cochlear ganglion 
any post-ganglionic cells of motor type on which such fibres might relay. 

Hardy (1934) discovered that the macula of the saccule in man was supplied at its posterior end 
by a small separate bundle which she named the cochleo-saccular nerve since its fibres could be 
followed to the region of the basal part of the cochlear ganglion. She believed that it was most 
probably derived from cochlear ganglionic cells. Rasmussen (1946), however, was able to show by 
means of microdissection, though not histologically, that a similarly placed bundle in cats could be 
traced back with the vestibulo-cochlear anastomosis to the inferior vestibular ganglion. In view of 
this association he suggested that the cochleo-saccular nerve might also consist of motor fibres, 
although it did not share the myelin degeneration of Oort’s bundle following an experimental lesion 
in the hind-brain. 

The innervation of the saccule is also supplemented at the anterior end of the macula, by 
the much more substantial superior saccular nerve originally described by Voit (1907). 
This bundle is commonly accepted as being a branch of the superior vestibular ganglio1, as 
illustrated in Fig. 1. Nevertheless Poljak (1927) was able to trace Voit’s nerve in cats down 
to the inferior vestibular ganglion through an anastomotic bundle. The precise function 
of the saccule, whether it acts as an organ of balance or of hearing, has been much deb: ted. 
A correct interpretation of the relation of these nerves to the adjacent ganglionic mu.sses 
will therefore be of prime importance in deciding whether the saccule plays a part distinct 
from the cochlea on one hand and the utricle on the other. 
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The nervous structures in the internal auditory meatus and the commencement of the 
facial canal can readily be displayed in the human cadaver by nibbling away extradurally 
with fine bone forceps that part of the petrous temporal bone which forms their roof. A 
facio-auditory connexion can usually be made out with the naked eye, leaving the pars inter- 
media of the facial nerve proximal to the visible swelling of the geniculate ganglion and 
running down in front of the vestibular portion of the auditory nerve to join the cochlear 
nerve. If, under the dissecting microscope, the upper division and the two parts of the lower 
division of the auditory nerve be gently separated from one another, two further connecting 
strands can be seen to leave the inferior vestibular trunk: the one running up to join the 
superior vestibular nerve, the other down to join the cochlear nerve. The latter is presumably 
the bundle of Oort. The limits of the vestibular ganglia are, however, not obvious, and the 
relation of the intrameatal anastomoses to the ganglionic cells can only be determined histo- 
logically. I am therefore greatly indebted to Professor J. D. Boyd for having given me, 
while working in his department, access to his series of human embryos which have been 
specifically stained for nervous tissue by de Castro’s method. By this technique the embryo 
is fixed and decalcified simultaneously, and subsequently stained with silver in bulk. Nerve 
fibres are selectively coloured a dark brown, so that when the embryo has been serially 
sectioned the various bundles can be followed throughout their length ffom the ganglia 
centrally to the brain-stem and peripherally to the labyrinthine end-organs. The fibres 
can be seen to take their origin from the neurofibrillar cytoplasm of the ganglionic cells. 
In the nerve bundles, however, they become packed together so closely that it is usually 
difficult to trace with certainty individual fibres for any great distance, particularly in older 
embryos and when the bundle has been cut transversely. A nerve can be regarded as a true 
branch of a ganglion if some of the ganglionic cells can be seen to send their peripheral 
processes into its trunk. It may not be possible to decide whether or not all the fibres of a 
bundle arise from the cells of a ganglionic mass to which it is apparently related. For this 
reason the presence of motor fibres can only be detected by simple descriptive methods if 
multipolar motor-type nerve cells occur on their course. 

The distribution of the vestibular nerve in the young embryo is similar to that of the 
adult, but the paths taken by its branches are more direct. On account of the relative 
simplicity of the innervation pattern the various anastomotic and supplementary bundles 
are then quite easy to identify, and by following their development back to its beginnings 
much can be gleaned of their true nature. The vestibulo-cochlear anastomosis on its first 
appearance stains rather feebly, in this respect resembling the intraganglionic spiral bundles 
of the cochlea. It forms as a result of the separation of the originally continuous inferior 
vestibular and cochlear ganglia. There is an intermediate stage of separation when an island 
of ganglion cells remains on the course of the anastomosis. This intermediate island is 
situated close to the basal portion of the cochlear ganglion, but remains topographically 
and morphologically distinct from it in embryos up to the 62 mm. stage. The neural processes 
of such island cells must necessarily form a great part at least of Oort’s bundle: some are 
shown contributing to it in the 62 mm. embryo in Fig. 2. If the cells had happened to be 
of motor type, Rasmussen’s missing parasympathetic synapse would have been found and 
his interpretation of the vestibulo-cochlear anastomosis as a wholly motor nerve could be 
accepted. But this is not so: they are definitely bipolar, resembling vestibular ganglionic 
cells. They have not yet undergone the maturation and reduction in size which characterizes 
the fully migrated cells of the cochlear ganglion. In the 92 mm. embryo they are no longer 
distinguishable from other cochlear cells. Oort’s bundle therefore springs primarily from the 
last group of cochlear ganglionic cells to migrate to the basal coil. The central processes 
of these cells become caught up in the downward growth of the inferior vestibular ganglion, 
where it gives origin to the nerve to the posterior ampulla. These cochlear fibres are the 
main constituents of the anastomosis: it may possibly receive a few vestibular fibres of an 
aberrant nature; it could also provide a bridge to carry motor fibres to the stria vascularis 
or other parts of the cochlea. 

Hardy’s view of the origin of the cochleo-saccular nerve proves to be incorrect. Fig. 3 
shows this nerve in the 62 mm. embryo lying in the cochlear recess close to the vestibulo- 
cochlear anastomosis. Distally it loops up to reach the posterior end of the macula of the 
saccule from below. Proximally it can be traced up to the inferior vestibular ganglion, from 
the cells of which it takes its origin. The younger the embryo the more direct is the course 
of the cochleo-saccular nerve, until at the 30 mm. stage it is represented by a bundle running 
stright from the inferior vestibular ganglion to the region where the cochlear duct is budding 
off 1s a diverticulum from the saccule. Later, when the loop has formed, fibres can sometimes 
te seen leaving the cochleo-saccular bundle near its origin to take the more direct route to 
the saccule via the main saccular nerve trunk. It seems then that Hardy’s nerve, which is 
no! constantly present, is merely a portion of the saccular innervation which gets caught 
anc’ drawn down towards the basal coil of the cochlea during the formation of the vestibulo- 

































Fic. 2.—62 mm. humanembryo. » 550. Bipolar Fic. 3.—62 mm. embryo, preceding section to 
ganglion cells on the course of the vestibulo- Fig. 2. x 109. Course of the cochleo-saccular 
cochlear anastomosis (V.C.). Cochleo-saccular nerve (C.S.) proximal to the cochlear ganglion | 
(C.S.) and cochlear (C.) nerve fibres also shown. (C.G.). 
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cochlear anastomosis. The ridge of the otic capsule separating the cochlear and spherical 
recesses forms between it and the main saccular nerve. The cochleo-saccular nerve is always 
small, and becomes increasingly attenuated at later stages as its loop lengthens. It is not 
greatly augmented during development by further outgrowth of neurones, and its importance 
in the transmission of vestibular impulses must be negligible. The cochlear ganglion makes 
no contribution whatsoever to the innervation of the saccule. If, as many have thought, the 
saccule plays a part in the appreciation of sound, perhaps that transmitted by bone conduction, 
the evidence of its nervous connexions suggests that the hearing must at least be of a different 
order from that effected by the cochlea. 

Fig. 4 is of a section in the coronal plane through the anterior end of the left utricular 
macula in the 92 mm. embryo. The superior saccular nerve, on its way to innervate the 
front end of the macula of the saccule from above, has been cut across in two places, the 
right-hand portion being more distal. The proximal portion is applied to the trunk of the 
main utricular nerve, close to its origin from the superior vestibular ganglion. Most of the 
superior saccular fibres, however, can, in this and other embryos, be traced down to the 
inferior vestibular ganglion, where they take origin from the uppermost ganglionic cells. 
This proximal portion of the superior saccular nerve accounts for the anastomosis connecting 
the superior and inferior vestibular ganglia. It appears that at an early stage of development 
the upper fibres to the saccule become hitched up with the nerve to the utricle in much the 
same way as the cochleo-saccular nerve is drawn downwards with the vestibulo-cochlear 
anastomosis. A bridge is thus provided along which further ‘‘aberrant’’ neurones can grow 
from superior vestibular ganglionic cells to the saccule and from inferior vestibular cells 
to the utricle. A criss-cross innervation of this sort, however, occurs only to a limited extent, 
so that the macula of the saccule is almost wholly represented in the inferior vestibular 
ganglion. 

Fig. 4 also shows nerve fibres supplying the macula of the utricle. The trunk of the utricular 
nerve is joined from above by a strand which can be traced back to the nerve to the lateral 
ampulla. Distally it contributes to the innervation of the lateral border of the utricular 
macula. This bundle has not been described by previous workers, but it is present in all the 
embryos and ends on hair cells of the utricular neuro-epithelium. I have called it the superior 
utricular nerve on account of its position in early stages up to 48 mm., while the macula of 
the utricle is still applied to the wall of the otic capsule. Later the utricle rotates so that 
its macula comes to lie horizontally above the perilymphatic space of the vestibule. The 
superior utricular nerve is considerably smaller than Voit’s nerve, and is unlikely to have 
much functional significance. It could’ be looked upon as consisting of fibres of the main 
utricular nerve which have been caught up with the common ampullary trunk, and thereby 
comparable to the nerves of Voit and Hardy. But perhaps a more important factor is the 
early proximity of the common ampullary nerve to the macula of the utricle. Some neurones 
growing out with those destined for the lateral crista may be induced to diverge and make 
contact with adjacent utricular hair cells. 

The superior utricular nerve provides a proof that the macula of the utricle is represented 
with its lateral margin uppermost in the superior vestibular ganglion. In some embryos the 
nerves to the ampullz form aberrant bundles which leave the main trunks and run to the 
cristee separately. When this has occurred, it has been possible to see that the superior crista 
is also represented with ins lateral end uppermost in the superior vestibular ganglion, and 
the posterior crista in a similar position in the inferior vestibular ganglion. From the point 
of view of their innervation the vestibular end-organs are orientated from above downwards 
as follows: superior crista, lateral to medial; lateral crista, superior to inferior; utricular 
macula, lateral to medial; saccular macula, anterior to posterior; posterior crista, lateral 
to medial. In origin this sequence is developmental, but it may have some functional 
implications. 

Some examples of aberrant fibres have already been mentioned. It is not generally recog- 
nized how commonly they occur in the human labyrinth. They may or may not make contact 
with end-organs. Whether those that succeed in doing so are functional presumably depends 
on the adaptability of their central connexions. It is possible that aberrant fibres from the 
pars intermedia of the facial nerve account for the facio-cochlear anastomosis. This small 
bundle is commonly though not constantly present: its appearance in the left ear of the 
92 mm. embryo is illustrated by Fig. 5. The photograph indicates the closeness of the 
bundle to the vestibular ganglia, although in fact none of its fibres enter them. It is notable 
that the facio-cochlear anastomosis invariably leaves the mixed facial nerve trunk at the 
site of the most proximal ganglionic cells of the geniculate group. During its development 
the zeniculate ganglion migrates outwards, but this occurs as a gradual process. Even at a 
late embryonic stage there is an extension of ganglionic cells of sensory type centrally along 
the course of the facial nerve as far as where it winds round the superior vestibular ganglion. 
The nerve processes of some of these cells can be seen to run to the facio-cochlear anastomosis. 
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It seems probable, therefore, that this bundle is formed by sensory fibres, aberrant peripheral 
processes of unmigrated geniculate cells, which have become caught up in the cochlear nerve. 
This apparently happens at an early stage of development, before the cochlear ganglionic 
cells have migrated outwards with the expansion of the cochlea, since the facial and cochlear 
ganglia are then in close relation to one another. The fibres of the facio-cochiear anastomosis 
proceed to grow out in a direction contrary to that of the centripetal cochlear fibres; they 
are soon lost sight of in the substance of the cochlear nerve. Unless this bundle also carries 
motor fibres it is difficult to imagine that it has any function. 

Fig. 6 has been constructed 
to show the innervation of 
the labyrinth as revealed by 
the present work. This dia- 
gram represents the right ear 
—seen from the medial side. 
The ampullary criste, the 
maculz of the utricle and 
saccule, and the organ of 
Corti have been stippled. 
The geniculate (G.G.), super- 
ior (S.V.G.) and inferior ves- 
tibular (I.V.G.), and cochlear 
(C.G.) ganglia have been 
given a ringed outline. Nerve 
trunks formed by central 
processes of the cells of these 
ganglia have been shaded. Of 
these, the cochlear nerve and 
the vestibulo-cochlear anas- 
tomosis (V.C.) are hatched 
vertically; the inferior and 
superior vestibular nerves 
and the sensory root of the 


facial nerve horizontally. ance 
The peripheral processes of Fic. 6.—Diagram of the innervation of the human labyrinth 


the ganglionic cells group according to the present findings. 

themselves into the bundles 

which have been blacked in. These include the two supplementary nerves to the saccule: 
namely, the cochleo-saccular nerve (C.S.) from the inferior vestibular ganglion, and the 
superior saccular nerve (S.S.) which, although apparently a branch of the utricular nerve, 
also has most of its cells of origin in the inferior vestibular ganglion. In addition there are 
the superior utricular nerve (S.U.), which is a constant supplementary nerve to the utricle 
from the common ampullary nerve trunk; and the facio-cochlear anastomosis (F.C.), 
which probably consists of aberrant fibres from the geniculate ganglion. Whether there 
is a motor component to the auditory nerve in man remains an open question. 
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The following papers were also read: 
The Gain in Hearing after the Fenestration Operation, and its Influence upon the Surgeon's 
Choice of Case.—Mr. WILLIAM MCKENZIE. 
Some Problems of the Fenestration Operation.—Dr. I. Simson HALL. 
(It is hoped that these papers may be published later in the Journal of Laryngology and 
Otology.) 








Cr ™. : — Duct_ 

















ripheral 
ir nerve, 
nglionic 
-ochlear 
stomosis 
2s; they 
) Carries 


rinth 


accule: 
ind the 
" nerve, 
ere are 
utricle 
(F.C), 
r there 


t. Rec., 
le et du 


72-280. 
innitus. 


tibulare 
olivary 
nd., 88, 


t. Anz., 


rgcon’s 


g) and 








sectional - . ' ~ Vol. 44 
sect na Proceedings of the Royal Society of Medicine pao 


Section of Laryngology 


President—A. M. ZAMORA, M.Ch., F.R.C.S. 


[February 2, 1951] 


OPERATIVE TREATMENT OF CHRONIC FRONTAL SINUSITIS 


Mr. R. R. Woods 
read a Paper of which the following is an abstract. The full paper will appear in the Journal 
of Laryngology and Otology. 

Abstract.—An operation for the radical cure of chronic frontal sinusitis was described. 
The operation is based upon a technique which aims at complete closure of the frontal duct, 
and combines obliteration of the sinus with absence of deformity. 

It consists of complete removal of the lining membrane through the floor of the sinus 
following by stripping the mucosa from the frontal duct so as to ensure its closure. 

Precautions to prevent the development of osteomyelitis were described. 

The way in which healing takes place after such an operation was discussed. 

Mr. C. Gill-Carey: 

The mortality of a disease, especially the operative mortality, must influence surgical 
technique. Before the use of chemotherapy and antibiotics, frontal sinusitis and frontal 
sinus surgery carried an appreciable death-rate. The general popularity of the operation, in 
this country known as Howarth’s and in the U.S.A. as Lynch’s, is beyond dispute. At a 
time when surgery was the only effective method of treating serious cases of frontal sinusitis, 
this operation provided both efficiency and safety. That a number of cases later needed a 
second operation, to overcome closure of the nasal opening, was not too high a price. 





TABLE I 
Average 
Massachusetts operations ; 
Eye and Ear Infirmary Patients Operations per patient Mortality 
Period 15 years to 1944 ; 7 
(approx. half before the 
advent of chemotherapy 
and antibiotics) Total 276 447 1-6 is% 
More than one operation 95 266 2°8 
Royal National Throat, 
Nose and Ear Hospital. 
Period 3 years to Pile ar eel 
January 1951 Total 66 106 1-6 
Multiple operations 31 71 2°3 Nil 


Table I illustrates the dramatic fall in the mortality after the introduction of chemotherapy. 
Weille states that only one death occurred in 82 cases in this period. The table shows that 
there has been no improvement in the number of cases needing a second operation. Medical 
measures have so reduced the dangers of the disease, that any disadvantages of surgery are 
emphasized. 

It is convenient to consider surgery as applied to new and recurrent cases. 


New Cases 

Medical treatment, not only chemotherapy, but also various methods of controlling 

allergic edema, has reduced the number needing surgery, for which the main indication 
Is now persistent pain. 
_ Surgical treatment.—The choice of method should be influenced by the following con- 
siderations. Destruction of ciliated epithelium, particularly in the region of the ostium, 
prevents recovery (Hilding, 1933). The naked-eye appearance of the lining membrane is 
an unreliable guide to function and powers of recovery. 

The chances of secondary closure of the nasal opening increase with the amount of bone 
removed (Weille, 1946). Precision in operating and gentle handling limit the chances of 
secondary closure. 

Dec.—Larync. 1 
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Minor measures worthy of consideration are: 

(1) Corrective surgery of the nasal causes of impaired drainage. 

(2) Enlargement of drainage space by crushing the walls of encroaching ethmoid cells 
with the bougie. 

(3) Temporary drainage through the sinus floor. 

When minor measures fail and the external approach is employed, whenever possible 
gain space by removal of one wall of encroaching ethmoid cells by using the nasa! route 
in the main, with visual control through a small opening in the sinus. 

In narrow noses, there is the possibility of gaining drainage space by removing part of the 
intersinus septum and of the nasal septum. 

Contraction due to healing of raw surfaces should be prevented by retaining close-\itting 
drains of non-irritating material for two to four months. 


Recurrent Cases 

There is a choice between another attempt at forming a communication with the nose, 
and obliteration. The technical difficulties of the obliteration can be considerable, and 
unsuccessful cases were found in both series (Table I). 

(1) Removal of scar tissue with skin grafting the raw surface is favoured by many. In 
the writer’s experience this method, although frequently successful in producing a permanent 
nasal opening, is not entirely satisfactory, owing to the physiological obstruction produced 
by squamous epithelium. 

(2) As a possible improvement on current methods of obliteration, the writer has, in one 
case, exposed the sinus by forming an osteoplastic flap, and, at the same operation, the 
sinus was filled with bone chips, a procedure possible only with penicillin protection. 


REFERENCES 
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Professor F. C. Ormerod said that Mr. Woods’ principle of obliteration of the frontal 
sinus and closure of its duct was similar to that practised by Professor Tato of Buenos Aires, 
though the procedures adopted were different. They both agreed that the removal of mucous 
membrane from the cavity of the sinus must be meticulously complete. 

Professor J. M. Tato turned down the whole of the anterior wall of the sinus by making 
a number of small burr holes near the margin of the sinus and then joining them with an 
electrically driven three-edge reamer. An osteoperiosteal flap was turned down by fracturing 
the bone just below the supraciliary ridge, leaving the periosteum here intact. The lining 
mucous membrane was removed with great care and all the ridges and partial septa on the 
walls of the sinuses were smoothed down with the burr. The mucoperiosteal lining of the 
duct was separated, turned down and invaginated into the duct and usually occluded it 
completely. If there were any doubt as to its being occluded a small piece of fascia lata or 
similar fascia was inserted and fat placed above that. The cavity of the frontal sinus was 
then also filled with fat—usually from the anterior abdominal wall—and as all the ridges 
had been smoothed down it could be made to fit very snugly. The osteoperiosteal flap was 
replaced and fixed by a few periosteal sutures. 

It was quite possible through this approach to remove the septum between the two sinuses 
from one side, to remove all the mucous membrane and ridges from the opposite sinus and 
to obliterate its duct in the same way as the first sinus. 

He was not certain whether Professor Tato had yet published an account of his work 
but the speaker saw him do this operation on the cadaver in October 1950 and it had been 
carried out on 12 patients at that time. 

Professor Ormerod wished to emphasize that in treating frontal sinusitis the most likely 
point for obstruction of the duct was at its lower end where it opened into the middle meatus 
under cover of the middle turbinal. Attention to the various causes of obstruction at this 
point would in many cases re-establish drainage and save a great deal of trouble, often 
including drastic surgery, at a later date. It was often necessary to reduce the size o! the 
anterior part of the middle turbinal to promote drainage and this might be done by a variety 
of chemical or physical methods or, if necessary, partial removal. 


Mr. W. O. Lodge said that at Buenos Aires he had seen the operation of Professor 
J. M. Tato, who, by drilling and probing alternately, reflected the anterior wall of the frontal 
sinus as an osteoplastic flap. 

In fulminating bilateral infections, he (Mr. Lodge) resorted to a median vertical inci ion 
between the angular veins. When subacute periostitis was uncontrolled, he preferrec an 
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incision from temple to temple, within the hair-line, in the form of a Cupid’s bow, turning 
the flap down over the face; one or both sinuses were obliterated, establishing drainage into 
the nose without producing adherent scars; transantral ethmoidectomy could be completed 
at a later date if necessary. 

For routine use the method introduced into this country by Mr. Walter Howarth was 
supreme, especially now that antibiotics were available, and Mr. Gill-Carey’s consequent 
annihilation of mortality was a great achievement. It was helpful thus to be fortified in 
reserving for selected cases the admirable but exacting technique of Mr. Woods. 


Mr. S. W. G. Hargrove supported Professor Ormerod’s view that the primary source of 
infection lay around the lower end of the fronto-nasal duct. He had operated on over 250 
cases of ethmoiditis associated with nasal polypi by Norman Patterson’s external ethmoid 
operation, and in many cases the frontal sinus was involved. But only twice had he performed 
an obliterating operation on the frontal sinus. The fronto-nasal duct drained normally into 
the hiatus semilunaris, but if the middle turbinate was placed far forwards, the fronto-nasal 
duct might open into the anterior ethmoidal cells; if the middle turbinate was placed far 
back, the fronto-nasal duct might drain into the agger nasi cells; thus a considerable number 
of cases of frontal sinusitis could be cured by a small operation—removing the affected 
ethmoid cells by an intra-nasal approach. 


Mr. A. Mackenzie Ross also supported what Professor Ormerod and Mr. Hargrove had 
said. In 2 cases which had a persistent discharge from the inner canthus following operations 
elsewhere several years previously, he had found that the frontal process of the maxilla 
and the nasal process of the frontal bone had not been removed. When these processes 
were removed and a rubber tube inserted for a week, these cases healed up perfectly with 
no recurrence of symptoms or discharge. His attitude towards all nasal operations was that 
one should interfere as little as possible, but it was essential to ensure that drainage was not 
impeded, otherwise symptoms and discharge would recur. He agreed with what Mr. Gill- 
Carey had said about his practice in dealing with infections of the frontal sinus. The key 
to many frontal sinus infections was in the ethmoid. 


The President (Mr. Zamora) said that his view of the results he had been able to obtain 
in dealing with the chronic frontal sinus was disappointing. When he had been able to carry 
out the operations as they should be carried out, he found it extremely difficult to assess the 
result because so much depended on some incalculable factor in the patient. Some patients 
would put up willingly with quite considerable handicaps, while others could not stand the 
slightest disturbance. 

Mr. Woods’ paper was very welcome because he suggestively put forward a brilliant series 
of results, and anybody who could do that in the treatment of chronic frontal sinusitis must 
be acclaimed. He had no doubt that this technique which had been so clearly described 
ought to be tried out, but from his point of view he found a little difficulty in placing a com- 
plete reliance upon it because it seemed to him that there came into it some things which were 
really a matter of luck, as, for instance, the closing of the whole duct and the absence of 
infection in the sinus during the period of closure of the duct. But if these procedures resulted 
uniformly in success they were of the greatest possible value. 


Mr. Gill-Carey, in reply, drew attention to the way in which the term “infection” had been 
frequently used in this discussion to cover all types of sinus disease. In his opinion, in the 
majority of cases, factors other than infection were mainly responsible. The treatment of 
such cases by surgical means alone was unsatisfactory. 


m 

_ Mr. R. R. Woods, in reply to the discussion on his Address, said that he wished to make 
it clear that he was not a “slaughterer” of frontal sinuses. These operations were rare. In 
his \iew conservative treatment should be adopted for as long as possible. It was obvious 
that the amount of frontal sinusitis seen was very considerable, and relatively the number 
of operations done was very small. Speakers had emphasized the need for such conservative 
treatment, and he was in entire agreement with them. At the same time, there was always 
a har’! core of such cases which did not respond to ordinary treatment, and it was in the cases 
of chronic or recurrent frontal sinusitis that one had to operate. 

If one was going to operate what should be done? Mr. Gill-Carey had emphasized the 
numer of cases in which an endeavour could be made to treat conservatively, but sometimes 
It Was necessary to operate, and when they had to operate what were they going to do? 
Mr. ‘iill-Carey had also emphasized the mortality of these operations. The speaker’s 
fathe: had operated on a considerable number of frontal sinuses and he only had one fatality. 
He h mself had never had a fatal case. He could assure them, therefore, that this was not a 
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killing operation. He had had to reopen only in one case which had been operated on nine 
years previously. Here he found an enormous frontal sinus, but the whole thing resolved 
itself shortly, and he found that the two frontal sinuses communicated by an opening between 
them, and the original operated sinus had become re-epithelialized from the opposite one 
and had then been reinfected from it. The frontal duct from the original operated sinus 
was completely closed. That was the only case which he had ever had to reopen. 

He had been interested in Professor Ormerod’s description of Professor Tato’s method, 
but there was no necessity to take a great deal of trouble to close the duct. Almost any severe 
manipulation would cause closure, and the method described by the speaker was simple and 
uniformly successful. In fact, many efforts directed towards maintaining a patent duct 
actually resulted in closure. 

He hoped he had not over-simplified his description of this operation, but it did not 
require a high degree of surgical skill so much as a high degree of surgical conscience. It 
was not an operation in which one could casually say to oneself, “It will be all right”. It 
would not be all right unless the mucous membrane was absolutely gone. It was not a matter 
of special! skill, but rather of attention to detail. 

In reply to Dr. Hargrove: About eighteen months ago he had a case which had been 
operated on three times in London and on each occasion the patient had been symptom-free 
for about three or four months, and then the sinus had flared up again. He opened the sinus 
and found that the frontal duct had become obliterated. There one had simply to strip 
off the mucous membrane, and treat the sinus as a cyst. 

As for the treatment of other sinuses, he had not, in his paper, gone into the question of 
the ethmoid. Certain of his cases had infected antra which had been operated on years before 
they had their frontal sinus condition. In one case there had been an antrum operation six 
or eight weeks before the frontal sinus operation. In one of the X-rays shown, the patient, 
prior to operation, had an obviously and grossly infected ethmoid. Following operation on 
the frontal sinus the ethmoid had cleared up. He would suggest that in many of these cases 
the ethmoid was not the key to the condition. It might be that the frontal infection was 
responsible for the ethmoiditis. 

The President had expressed a sense of disappointment in frontal sinus procedures. The 
speaker suggested that a trial of this operation would not lead to disappointment, as the fact 
remained that the operation was successful and the patient who had a chronic frontal sinusitis 
did not get any more frontal headaches after operation. The results were to be judged by 
the relief to the patient rather than by the X-ray appearances. He thought it would be found 
that the operation was really of very great value. 


[March 2, 1951] 


DISCUSSION ON THE VALUE OF BIOPSY IN DIAGNOSIS AND 
TREATMENT OF DISEASES OF THE NOSE AND THROAT 


Mr. V. E. Negus; The reason for suggesting this discussion was the observation that some 
cases of malignant disease are allowed to progress to an advanced stage without proper 
treatment because the pathologist failed to discover malignant changes in a fragment of 
tissue submitted to him. This delay in diagnosis is no fault of the pathologist, since he can 
do no more than report on what he sees. It is the fault of the clinician, who allows his 
clinical judgment, in the presence of obvious positive evidénce, to be overruled by a negative 
pathological report. 

It seems to be the opinion of many that microscopical examination is an exact science, 
and that a pathological report reveals the truth; such is not my experience, since it is quite 
possible to find the pathologist mistaken. 

The report on a fragment of tissue appears to be a matter of personal judgment; and it 
sometimes occurs that two or more experts disagree in their diagnosis. The question must 
be decided also as to when biopsy is desirable; there are occasions on which it is unnecessary 
and others on which it might be harmful. Illustrations of these various difficulties wll be 
given later. 

Another aspect concerns precancerous conditions. My colleague, Professor H. A. Manus, 
supports me in the view that it is only as the result of prolonged clinical experience t!iat 4 
simple pathological process can be considered as likely to be followed by malignant changes; 
it is impossible, in the absence of this knowledge, for the pathologist to describe a piece of 
tissue as precancerous on microscopical evidence alone. 
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On ne asset side, there is, in a great majority of cases, agreement between the clinical 
and m.croscopical diagnosis, with great benefit in deciding on treatment that is often radical 
and fr quently mutilating. 

The e are other cases where the clinician is proved to be mistaken in his diagnosis, and 
where viopsy, by determining the correct nature of the disease, prevents incorrect treatment 
and points the way to the required measures. Microscopical examination is also often 
extrer.ely useful in determining the degree of malignancy of a carcinoma. 

These considerations lead me to the conclusion that the help of the pathologist is of the 
greatest value, but that it must not be looked on as invariably required nor as infallible. 

I propose to refer to a number of experiences on which these conclusions have been based. 


Incorrect pathological report not accepted.—I had referred to me a young woman from 
whose larynx a piece taken had been reported as carcinomatous. I was asked to arrange for 
total laryngectomy without more ado. The examination of the patient, of the wrong sex 
and age for carcinoma, showed simple multiple papillomata. 

A lady was sent home from Shanghai because biopsy revealed carcinomatous changes on 
one vocal fold; she had mild hyperkeratosis. 

On the other hand a woman, whose biopsy was reported as innocent, had an obvious 
carcinoma, which required laryngectomy. 

I was asked to reserve a bed for a man of 46 coming home from Buenos Aires with reputed 
carcinoma of the larynx, said to require total laryngectomy. He had tuberculosis and re- 
covered after treatment in a sanatorium. 

Recently | have seen a man aged 43 with hoarseness of some years’ duration. Bilateral 
hypertrophic infiltration of the posterior region of his glottic margins had been diagnosed, 
on a majority report of several pathologists, as carcinomatous. Because of the diffusion of 
the infiltration he was treated with deep X-ray therapy, but without much effect; laryngec- 
tomy was then advised. He had pachydermia and gradually improved on medical treatment 
and vocal rest. The observation that carcinoma does not commence in the posterior region 
of the glottis contradicted the indeterminate pathological report. 


Incorrect pathological report accepted with wrong clinical diagnosis.—An elderly woman 
had an unusual projecting ulcerated mass in the subglottic region, causing obstruction 
sufficient to require tracheostomy. Her Wassermann reaction was positive but the lesion 
did not respond to treatment and was thought to be non-syphilitic. The microscopical 
diagnosis was adenocarcinoma and therefore an Hautant-Ombrédanne operation was 
performed, after discussion and agreement with the pathologist. Sections of the excised 
area showed the lesion to be gummatous. 

An elderly woman with high fever, foetid sputum and loss of weight due to obstruction 
of the right main bronchus was found to have diffuse infiltration, clinically and micro- 
scopically of carcinomatous nature. The agreed diagnosis was incorrect, for she lived in 
good health for many years, after no more than partial removal of the apparently malignant 
growth. 

Pathological report ignored, or considered unnecessary, on clinical evidence.—It is well 
known that hyperkeratosis of the vocal folds—with the exception of that form which affects 
the vocal processes of the arytenoid cartilages, known as pachydermia laryngis—may progress 
to malignant infiltration, sometimes after the lapse of years. Rapid increase of hoarseness, 
obviously rapid increase of the hypertrophic process and sometimes lagging of the vocal 
fold, give warning of commencing deep spread through the basement membrane. In two or 
three such cases I have removed the affected vocal fold through the laryngofissure route, 
even with a biopsy report of simple hyperkeratosis only. I have not been disturbed by the 
report that no malignant changes were found in the area removed. In others, too widespread 
and unsuitable for local removal, I have employed irradiation by the interstitial method. 
I do not believe in external irradiation, through the intact cartilages, of tissues which are 
mainly hypertrophied, but not actively malignant. 

The knowledge derived from biopsy that a considerable proportion of cells are of simple 
hyp rtrophic nature is naturally of great assistance in deciding on treatment. 


/ conclusive pathological report confusing or delaying correct treatment.—The most adverse 
inf. ence of biopsy is, in my opinion, the undue delay of treatment obviously required on 
clir cal evidence. | refer particularly to intrinsic cancer of the larynx, in cases where disease 
has >een allowed to progress to a stage beyond the scope of limited treatment. An example 
of is is the case of a man originally seen elsewhere with a limited lesion, who has 
late developed stridor and dyspnoea, and shows a widely infiltrated larynx, with partial or 
cor >lete fixation of one side. Laryngectomy is then the only practicable form of treatment, 
anc even with this radical operation the prognosis may be poor. This is an experience of 
the esult of previous inconclusive biopsy that has hap#ned on several occasions and one 
wh 4 is most unfortunate. 

[ c.—-LARYNG. 2 
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Progressive infiltration of the anterior or middle region of the margins of the _ lottis 
especially with limitation of movement, occurring in an elderly or old man, can scai ly be 
due to any disease except cancer. 

fos delay is not the fault of the pathologist, who can only report on what is su’ nitted 
to him. 

Hyperkeratosis can start in the pharynx and in the pyriform fossa. I have treated sucha 
condition by radical excision through the lateral pharyngeal route, even in the abs~ ice of 
microscopical evidence of malignancy. 


Clinical diagnosis confirmed by biopsy.—Hyperkeratosis of the larynx can be considered 
as simple when the progress of hoarseness is slow, when iocal removal of tissue is not fo!!owed 
by rapid recurrence and when satisfactory biopsy tissue shows regular differentiated cells, 
not breaking through the basement membrane. Confirmation of clinical judgment is of 
great help. In one case, on the other hand, it was possible to find malignant infiltration 
in one of three pieces taken for section from an elderly actor suffering from keratosis 
and leukoplakia of twenty years’ standing; his malignant disease was cured by inte: stitial 
irradiation. 

In one instance a woman with dysphagia, whose cricopharyngeal sphincter I had examined 
over a period of years, with the finding of mild inflammatory changes only, showed rapid 
progression of symptoms and signs; biopsy revealed malignant infiltration and contirmed 
the necessity for radical excision. 

I should not hesitate, however, in such a case to perform a radical operation on clinical 
evidence alone, even with a negative pathological report. 

I had under my care a woman with hoarseness diagnosed as due to tuberculous laryngitis; 
doubt was cast on the correctness of this opinion, with the suggestion that the condition 
might be malignant. Biopsy showed tuberculous appearances. 

Instances might be multiplied indefinitely of this agreement between clinical diagnosis 
and microscopical findings. 

In the cesophagus, as well as in the larynx, numerous instances might be quoted of con- 
firmation of the naked-eye diagnosis. One man, who came back from Italy with a verdict 
of malignancy, based on radiological evidence, was found on cesophagoscopy to have 
simple inflammatory changes, and this was confirmed by the pathologist. 

Peptic ulceration at the lower end of the cesophagus has led to similar primary mistakes, 
with correction by subsequent direct examination, with biopsy if necessary. 


Inconclusive clinical diagnosis clarified by biopsy —A man of advanced age, with granu- 
lations around a tooth socket, apparently simple, was shown by microscopical examination 
to have an adamantinoma, which required radical treatment. 

On two occasions simple fibromata of the pharynx, arising from the wall of the pyriform 
fossa, were proved, on section, to have malignant changes at the base, necessitating radical 
excision by lateral pharyngotomy, with cure. 

Partial obliteration of the maxillary or ethmoidal sinuses has in certain instances required 
microscopical examination to confirm the diagnosis of focal osteitis fibrosa or leontiasis 
ossea. 


Report of precancerous condition—References have been made to hyperkeratosis of the 
larynx and to chronic hypopharyngitis, where experience shows that malignant changes are 
likely to follow a simple inflammatory process. But on more than one occasion | have 
seen the report of a pathologist as to precancerous changes in other conditions; in my 
opinion such a report is unjustified and misleading. 

I was consulted by a lady with simple nasal polypi associated with infection of the max !lary 
sinus. There was nothing confusing about the condition, but unfortunately some polypi 
had been reported elsewhere as precancerous; luckily it was possible to avoid dvastic 
treatment for what proved to be a simple condition. 


Biopsy correct with wrong clinical diagnosis —Malignant disease of the sinuses is gen: rally 
easy to diagnose. I have, however, on one occasion commenced a radical operation and _ hen, 
being in some doubt, have waited for a pathological report before proceeding; in the case 
referred to the condition was syphilitic. 

A woman with ulceration of the tonsil was thought to suffer from Vincent’s angina; b psy 
showed a round-celled sarcoma. 


Biopsy report disagreeing with clinical diagnosis—A middle-aged lady had a non-ulce: ting 
granuloma arising from the laryngeal ventricle. The pathologist reported this as tuberc\ ous, 
but the absence of disease elsewhere refuted this and led to the diagnosis of Boeck’s sa’ oid- 
osis. I have not been able to conclude the argument; it is probably one of terms < one, 
without particular significance. 
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Ins me cases of hyperkeratosis biopsy has not been considered necessary. One such lady, 
referred to me for removal of a vocal fold, recovered perfectly on medical treatment alone; 
and o\ ners I have treated, either by operation or irradiation, on clinical evidence only. 
$ Su’ nitteg] Ihave seen a man with diffuse swelling of the margins of the glottis diagnosed elsewhere 

as ker.tosis and papilloma, whom I considered to be suffering from endothelial reticulosis. 
ated such al! refer:ed him for teleradium treatment, on clinical evidence alone. ; 
abs. ice off GT! wths of the tonsil, whether lympho-epithelioma, sarcoma or carcinoma can generally 
be treated without preliminary biopsy. I have, however, on one occasion, carried out block 
dissection of the neck for glands secondary to what appeared to be squamous-celled carcinoma. 
oe _— Subse — biopsy showed diffuse lymphosarcoma, proving the surgical treatment to have 
; been useless. 2 
ua cells,| Tn the palate malignant growths, whether preceded by Bowen’s disease or not, can usually 
infil 'S Off be diagnosed correctly by naked-eye inspection. 
ation Grading of degree of malignancy.—Although the fallacies of grading are well known, yet 


1 keratosis : ° ‘ - 
inte: tital there are occasions where considerable help is obtained, both as regards treatment and 


the lottis 
SCai ely be 


prognosis. 
examined Thus a carcinoma of the larynx, in a middle-aged man, was shown to be of Grade IV, 
wed rapi 4 and irradiation was therefore advised. _ ; 
confirmed In another case reports varied from simple hypertrophy to carcinoma of Grade II or IIT, 
later thought to be Grade IV and eventually described as Grade IT on examination of the 
on clinical excised larynx. ery. (+* ; , , 
‘ucait On the other side, the finding of a majority of highly differentiated cells makes one 
_. | feel that distant irradiation is unsuitable and suggests the desirability of surgical removal or 
laryngitis, interstitial irradiation. 
concition | Conclusion.—This discussion is not intended to disparage microscopical reports, but 
diacnosis | U88ests caution in diagnosis. Without considering biopsy as infallible and as the deciding 
42nOSIs f factor in every case, yet the wise clinician will obtain most valuable assistance from the 
co-operation of the pathologist, if the report of the latter be discussed in relation to the 
do! Con- f characteristics of the individual case, and taken as one piece of evidence, usually confirming, 
iy verdict | but seldom refuting, obvious clinical appearances. 
to have} Jt is my practice to carry out direct examination in all cases where indirect inspection is 
inconclusive and when doing so to remove a piece for section; in the majority of cases much 
mistakes, | useful information is obtained thereby. 


hb orem Professor H. A. Magnus: The performance of a biopsy is often a difficult task, particularly, 
ssinetion of course, in the case of the nose and larynx, and it should never be left to a more junior 
and less skilled member of the team if the best results are to be obtained. 
pyrifenn ts Having got our piece of tissue may I emphasize that it is essential for the tissue to be 
5 radical immediately and adequately fixed in 5 % Saline-formaldehyde. Not uncommonly, if the case 
being dealt with is something unusual, the surgeon feels that the pathologist may like to 
reer use some special fixative. Usually one of two things then happens—the piece of tissue is 
required put on a gauze swab and may reach the laboratory hours later having dried to the consistency 
rOnuasIS F of leather or it is put into normal saline where disintegration occurs in a few hours. The tissue 
should either be sent to the laboratory immediately or the pathologist should have been 
s of the f consulted beforehand as to the type of fixative to use. 
nges are The smallness of the pieces of tissue with which the pathologist is dealing makes them 
| I have §f difficult to handle during the preparation of a paraffin section, particularly at the stage of 
in my J embedding in wax. It is not possible as a rule to know which way round the tissue should 
lie and this results in the production, in the section, of artefacts, which cause much trouble 
less experienced observer. Tangential cutting of hyperplastic epithelium may produce 
> polypi | 4 picture highly suggestive of malignant infiltration, and I would say that this artefact alone 
drastic ] accounts for a large number of those cases mistakenly diagnosed as carcinoma. 
In a modern laboratory, with aids such as the autotechnicon, the chances of small pieces 
sncrally of t' sue being muddled are very small indeed but there is always the human element and 
id -hea, there can be no guarantee that they cannot occur. The pathologist always has to bear this 
eed i id and if the appearances in the section are unexpected have a check as to the possibility 
of a ‘nistake. From the clinician’s point of view, when a malignant growth is strongly sus- 
hice | 1 but the biopsy report is negative, the biopsy should be repeated. Similarly if the 
PSY | resu’ of a biopsy is quite unexpected and does not fit in with the clinical picture the report 
shou 1 be torn up and the biopsy repeated for a mistake might have occurred somewhere 
e| ting — alon the line from the theatre to the microscope. I do feel that the modern practice of 
ous, blinc y following a laboratory report cannot be too strongly deprecated. 
ai oid- fF Tl re are two points particularly applicable to diseases of the nose and throat. The first 
me, — iS th erading of squamous-celled carcinomas of the larynx because it would appear that it 
Sup 1 this grading that a decision is frequently made as to whether the treatment should be 
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surgery or radiotherapy. The classification most commonly used is that of Brode’s. No 
one has any difficulty in placing a carcinoma in Grade I or in Grade IV, but opinic is may 
vary widely as to which fall into Grade II and which into Grade III. The patholo; st and 
the surgeon should work closely together in this matter so that the surgeon knows - xactly 
what the pathologist means by the gradings he uses. 

Secondly in some of the less common tumours of the nose and throat—say a rapidly ; owing 
sarcoma of the tonsil—there is a tendency to give X-ray treatment first and then do 2 >iopsy 
later. This is presumably because of the possible risks of performing a biopsy. Fi.1m the 
pathologist's point of view there is no course of treatment he could hate more. The hisiology 
of these tumours is often extremely difficult and to superimpose all the changes that ‘ollow 
deep X-ray therapy produces a pathologist’s nightmare and often makes accurate di: znosis 
impossible. 

What are the contra-indications to biopsy? Apart from the possible risk of hamw: rhage 
the objection that dies hard is that incision of a malignant tumour stimulates local crowth 
and that the trauma incident to incision stimulates the dissemination of cancer cells and § 1 
thereby increases the incidence of distant metastases. No evidence has been produced by § | 
experimental work on animals to support the hypothesis that incision of a malignant growth § « 
increases the incidence of metastases. The only procedure which would appear to do this 
is prolonged massage of the growth. Numerous large groups of statistics on human cases 
are now available showing no higher incidence of metastases in those cases of cancer which 
have been submitted to biopsy. There does not appear, therefore, to be any evidence to 
support the objection to biopsy in malignant disease. It may be that there is a local stimulation 
of growth following biopsy incision but surely this is of no consequence if, within two or 
three days, treatment by surgery or radiotherapy is carried out. 

In this most difficult field of work the pathologist must be put in possession of all the 
facts of the case, and the surgeon must know just how much he can rely on the pathologist's 
opinion. 

























Dr. H. A. Lucas: Within the last three years at the Institute of Laryngology and Otology 
we have seen a series of 22 cases of growths arising from ciliated columnar epithelium which 
in some cases ran a benign course, but in others were malignant. This was only 1°5°, of 
the material which had been sent for section, thus the incidence was not very high. The 
cases presented as nasal polypi, causing unilateral nasal obstruction, and frequently with 




















22 


ders, No 
nic 1s may 
lo: st and 
WS ©Xactly 


y vowing 
) 2 diopsy 
Fiom the 
histology 
lat follow 
dix znosis 


mo rhage 
al crowth 
ceiis and 
duc ed by 
it growth 
O do this 
1an cases 
er which 
idence to 
mulation 
n two or 


of all the 
1ologist’s 


Otology 
m which 
1-5% of 
zh. The 
itly with 











93 Section of Laryngology 1027 


a nas! discharge. (Illustrative slides were shown.) The first showed the typical epithelial 
chang described by Ringertz as cylindrical. The change extended into the crypts and mucous 
land: (Fig. 1). 

' Info ding of the epithelium converts the polypi into an almost solid growth, at this stage 
there: no infiltration (Fig. 2). These slides were from adjacent fields of a growth typical of 
what “ingertz described as “solid cylindrical-celled carcinoma’. Fig. 3 shows squamous- 
cell carcinoma. 

These cases were of two types. One which progressed without showing any invasiveness, 
and if removed at that juncture, so far as was known at present, all was well, but recurrence 
was likely. In the second there might be evidence of squamous metaplasia taking place, 
and they might become squamous epithelioma. In the original series of 27 cases which were 
published and followed up over the course of ten years 4 showed recurrence only, 4 showed 
metastases only, and 4 showed both recurrence and metastases. 

In his cases extending over a period of only three years one case which showed squamous 
metaplasia was going downhill with clinical metastases. These cases from a pathologist’s 
point of view were very difficult to evaluate, but they illustrated all the problems under 
discussion. 

REFERENCE 

RINGERTZ, N. (1938) Acta otolaryng., Stockh., Suppl. 27. 


Dr. I. Friedmann said that he was very interested in the cases in which Mr. Negus relied 
solely on the clinical findings. There were cases, however, when both surgeon and pathologist 
would agree on the importance of the microscopical confirmation of the clinical diagnosis 
yet a Suitable biopsy specimen could not be obtained. He has found that in similar and other 
cases the method of exfoliative cytology (Papanicolaou, Dudgeon and Wrigley) could be 
applied to good advantage. He based his opinion on the study of the Papanicolaou technique 
in 300 cases of suspected malignancy of the throat, nose and ear, and presented lantern 
slides of the various types of cells encountered. There were false negative (2-7°%) and false 
positive (3-3°%) reports in this series. Despite this the method was, in his experience, of 
definite value as an aid in the diagnosis of tumours of the upper respiratory tract. 


Professor B. W. Windeyer said that he felt that some patients would have effective treatment 
at an earlier stage if more people were biopsy-minded. One saw too many patients whose 
proper treatment had been delayed because some diagnosis, such as syphilis or traumatic 
ulceration, had been made and no biopsy had been taken. 

Biopsy was of special value to the radiotherapist because the method of treatment often 
depended on the histological diagnosis. Radiotherapy was a damaging agent and one needed 
to be very careful of the diagnosis before embarking on a course of such treatment. It was 
essential to know if one was dealing with recurrence or with necrosis, a differentiation 
which may be impossible on clinical grounds. Finally, biopsy was of value for record and 
Statistical purposes and for the later assessment of cases and results. 

He thought that it was necessary to bear in mind always that histological reports based on 
biopsy material were an aid to diagnosis which were dependent upon opinion and that their 
value was just as closely related to the experience and quality of the histologists as the factors 
in clinical diagnosis and treatment were related to the quality and experience of the clinician. 

It had been found that the reliability of biopsies was definitely related to the experience 
of the man who took them. A completely unrepresentative piece of tissue might be sub- 
mitted for examination in cases where one was wondering whether one was dealing after 
radiotherapy with recurrence or necrosis or perhaps both. In such cases, it may be necessary 
to submit several pieces of tissue from various parts cf the lesion and one or two negative 
reports as to the presence of neoplasm should not be taken as confirming the absence of 
recurrence. 

It was a mistake to attempt to obtain too much information from biopsy. Attempts to 
use “iopsy material to assess radioactivity might sometimes be misleading. It was not possible 
alwys to decide on the viability of carcinoma cells still present a short time after irradiation. 

Tie report from a biopsy is only one of the important factors in diagnosis. Its importance 
ma) be greatly increased if it is the opinion of a trusted colleague. 

to pre-biopsy irradiation to diminish the theoretical risk of disseminating the neoplasm 
by !>e trauma of biopsy, he agreed with Professor Magnus that trauma by way of pressure 
was probably the most potent means of disseminating carcinoma and wondered whether 
mor. harm was not done in carcinoma of the breast by frequent examination and palpation 
thar by biopsy. He agreed that there appeared to be little risk in taking a biopsy from an 
ulce ated lesion of the mouth or throat subject as it was to frequent movement and minor 
trauma. There were, however, some rapidly growing anaplastic growths such as lympho- 
sarc ma or lympho-epithelioma which were liable to early metastasis. He felt that the 
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trauma of biopsy might be a factor in disseminating such lesions, as for instance in a _ se of 
malignant melanoma. 

Pre-biopsy irradiation might be a possible safeguard in the case of anaplastic tum. rs of 
the tonsil and pharynx. Though such irradiation with rapid disintegration of the « mour 
frequently made it difficult for histological diagnosis yet the rapidity of response ter |ed to 
confirm the diagnosis. If there were any advantage to the patient in the procedu ¢, the 
subsequent difficulties of histological diagnosis were of minor importance. 


The President said that there was a tendency amongst the younger workers to deman. from 
biopsy examinations a forecast of the behaviour of notoriously capricious cells. De: :sions 
must obviously be based on both histology and experienced clinical observation, /\r the 
pathologists themselves did not look upon the histological method alone as conc usive. 
Mr. Negus, in his descriptions of anomalous cases in his practice, echoed the experien:es of 
many laryngologists and made clear the occasional difficulties in deciding type and tire of 
treatment. 


Professor Victor Lambert asked Mr. Negus what he considered to be the best way of 
getting a biopsy from a non-ulcerating tumour of the tonsil. Did he advocate a surzical 
removal of the tonsil, followed by an examination of the whole mass, and did he regard this 
as a dangerous procedure from the point of view of dissemination of a growth? In his 
(Professor Lambert’s) experience, micropathology of the tonsil was extremely difficult and 
small specimens added to this difficulty. 


Mr. R. D. Owen said that chronic squamous hyperplastic changes could be particularly 
difficult when such a picture appeared in the larynx. He asked Professor Magnus if it were 
possible that when a fairly large piece has been removed for biopsy, the free periphery of 
that piece could show actual malignant changes, and the area adjacent to the pedicle be 
non-malignant? 

The speaker had seen such a pedunculated mass arising from the posterior part of the 
ventricular band, causing a stridor. The whole leaf-like mass was sent for biopsy and later 
returned as malignant. The patient was kept under observation and remained symptom-free 
for fourteen years, with nothing more done than the simple removal of the pedunculated 
mass. 

The other problem was chronic hypopharyngitis. A direct cesophagoscopy could show 
clinically malignant changes, and a biopsy could be returned as squamous carcinoma. In 
one such case, however, where a gastrostomy was performed, a direct cesophagoscopy two 
months later showed a healed lumen and a simple stricture 3 inches below the cricoid. 


Professor F. C. Ormerod said that the disinclination to do a biopsy was possibly due to 
the fear that the procedure would result in dissemination of the growth. This was the reason 
why some surgeons preferred to give irradiation before doing a biopsy, but the histology 
might be so altered by irradiation that it would be difficult to make a diagnosis. In cases of 
doubt more than one biopsy should be done. Less harm might be done by an additional 
biopsy than by treatment on an unconfirmed diagnosis. It was his practice to examine both 
the patients and the histological sections with Dr. Lucas and Dr. Friedmann. This co- 
operation, which was really essential, greatly increased the value of the pathological investi- 
gation. 


Mr. Donald Watson was of opinion that a biopsy should not be done in certain cases of 
intrinsic carcinoma of the larynx. In a carcinoma to be treated by radiotherapy he did not 
think it a proper thing to make a biopsy if the patient’s livelihood depended on the voic 


Mr. Munro Black said that Professor Windeyer had summarized the reasons for taking a 
biopsy and one was the question of establishing a diagnosis. In some cases that was esser tial, 
but if the diagnosis was already established and the treatment arising therefrom was e.tab- 
lished also, they need not worry about a biopsy, even though a biopsy might be advi: able 
for record purposes. If the treatment was going to be by surgery the taking of a bi: psy 
obviously did not signify because they were going to get a pathological examination in any 
case. 

If they missed malignancy they would lose their patient, but if they made a mistake ind 
treated a simple lesion as if it were a malignant disease they would not lose the patie 1t’s 
life; that meant that the clinician had to accept the entire clinical responsibility for t .ese 
cases. 


Mr. R. Scott Stevenson referred to the medico-legal aspect of taking a biopsy. Litiga’'ion 
against surgeons was becoming more and more common, and the recent Whiteford ¢ ise 
would be in the minds of many. In 1948 Mr. Justice Birkett awarded heavy damages aga 1st 
a well-known surgeon, but the Court of Appeal next year reversed this judgment, and g: ve 
the patient leave to appeal to the House of Lords. The surgeon gave evidence that 1is 
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actio (in not taking a biopsy specimen) conformed to approved practice, and was supported 
to th » effect by two eminent surgeons. The House of Lords in November 1950 dismissed 
the ; .tient’s appeal, but on the ground that biopsy had not been carried out because a 
speci: 1en could have been taken only with a special type of cystoscope which was very rare 
in Erland at the time of the operation (1942) and was not possessed by the surgeon. That 
was 1e unanimous decision of the highest legal tribunal in England and would not, he 
thou; ht, leave the laryngologist who omitted to take a biopsy specimen in a case which 
appeared clinically malignant, in a very happy position if an action were brought against 
him. He personally considered that the most important factor was the surgeon’s clinical 
judgrient, to which a biopsy was merely supplementary, but apparently the judges did not 
agrec 


Mr. F. MeGuckin said in any conflict of opinion the clinician must have the final 
responsibility. 


Mr. Negus, replying, said that he did not hold with Mr. Scott Stevenson in his views 
on the indications for biopsy. 


Mr. Scott Stevenson said that it was not his personal view, but that of the judges in the 
highest courts. 


Mr. Negus said that if a case came into court on this point he would be prepared to be 
examined on it and he hoped he would be able to convince the judge that any judgment of 
the kind Mr. Scott Stevenson had quoted was entirely wrong. He had seen cases where he 
might have done a great injury to the patient if he had followed up some piece of evidence 
which did not fit in with clinical judgment. He was not deprecating the value of biopsy, 
far from it. He thought his colleagues from King’s College Hospital would support him 
in this point of view. In some cases he had ignored the report, nor was he influenced by the 
criticism of having on occasion operated on a patient without performing a biopsy. He 
felt that it had, in certain cases, been the correct course to relieve the patient of a condition 
which, in his opinion, as a clinician, was likely to become malignant. 

His argument was that they must not be overruled by biopsy. Let this procedure be put 
in its right place. He entirely disagreed with any suggestion that biopsy must always be 
carried out and must be the final criterion as to the treatment to be employed. 

As for the tonsil, his experience was that once or twice he had removed the whole tonsil, 
but in the majority of cases, when it was quite easy to take a wedge out of the growth with 
the scalpel, this should be done. 


Professor Magnus, also in reply, said that he had had no personal experience of such 
cases as mentioned by Dr. Lucas, but he had had nothing like Dr. Lucas’s experience, as 
all nasal polypi were not routinely sectioned in his hospital. 

With regard to Dr. Friedmann’s remarks, he himself would never feel able tu make a 
diagnosis of cancer from the appearances of a single cell. He thought that for an opinion 
to be of any use it must be based on a very long experience of the method Dr. Friedmann 
had described. 

A very important point was made by Mr Owen, but one would have to see the sections. 
If one saw squamous hyperplasia did the pathologist err on the side of safety and say 
“cancer”? If he did he was a bad pathologist: he should say in such a case “There is 
Squamous hyperplasia but I can see no evidence of cancer. You should repeat the biopsy”. 
So often the answer depended on which piece of tissue was taken for section. 


ie President, in closing the discussion, said that he thought the feeling of the Section 
wa: definitely that there was no obligation to take a biopsy but that it was a reasonable 
procedure in suitable cases. It should be supplemented by the surgeon’s clinical judgment 
an by any other ancillary methods he thought right to employ. 


[May 4, 1951] 


PRESENTATION OF PORTRAIT OF SIR MORELL MACKENZIE 


r. Irwin Moore presented to the Section a portrait of Sir Morell Mackenzie, the Father 
of %ritish Laryngology, who died in 1892 at the early age of 55. For many years the 
pc ait was in the possession of Morell Mackenzie’s daughter, Mrs. Theodore McKenna. 
It ad been painted two years before his death by Sidney Starr, a Victorian painter of 
cc siderable repute, and was shown at the Royal Academy in 1891. 
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OSTEOMYELITIS OF THE MAXILLA [Abridged] 


Mr. R. G. Macbeth: Osteomyelitis of the maxilla has always been an uncc nmon 
disease and it is becoming rarer still. The course and prognosis have been ra ‘ically 
changed from grave to benign since the advent of chemotherapeutic agents aid the 
antibiotics. 

A&tiology.—Operative injury or direct spread of infection from the teeth or the a.itrum 
are the commonest etiological factors. Lillie [1], however, has suggested that the tc ir sac 
may also be the primary seat of infection. A bloodborne infection is theoretically possible 
but rather unlikely on a basis of anatomical considerations. 

Pathological anatomy.—The maxilla is an irregular bone, containing a large air sinus whose 
walls are in the main composed of thin compact bone, but below which lies a mass of spongy 
alveolar medullary bone. Infection is more likely to gain a footing and to spread in the 
alveolar bony mass, than in the relatively compact bone of the antral walls. As Wilensky [2] 
has pointed out, the arterial supply is derived from the internal maxillary artery, whose 
branches form anastomosing loops or arcades; consequently sequestra are likely to be 
limited to that area supplied by a loop, or the whole bone may form one large sequestrum. 
The pathology is comparable to that occurring in osteomyelitis of the frontal bone ( Proc. 
R. Soc. Med., 1949, 42, 284), which was discussed before this Section in 1949. The main 
point of difference between the two bones, however, lies in the arrangement of the arteries 
of the maxilla and its lack of diploic veins. In fulminating cases infection may spread to 
neighbouring bones; orbital cellulitis and cavernous thrombosis are also due to direct spread. 

Lillie [1] states that the Caldwell-Luc type of operation more commonly leads to osteo- 
myelitis than does the intranasal, but in my opinion the intranasal approach, particularly 
where a rasp or burr has been used to make the antral stoma, is much more likely to produce 
this complication. A plea is offered for the routine use of the Caldwell-Luc approach. 
The entire operating field is visible all the time and it is thus easy to restrict the operating 
to the hard and relatively avascular bone. 

Bacteriology.—Staphylococcus is the commonest infecting organism. Anaerobic strepto- 
cocci are also commonly found (Galloway [3]). 

Diagnosis.—Deep boring facial pain and pyrexia, a few days after the operative interference, 
are followed by swelling, trismus and facial anesthesia, and nasal discharge increases. 
Ocular symptomatology includes epiphora, proptosis, impaired mobility and blindness. 
Swelling may be found additionally over the ascending process of the maxilla, in the canine 
fossa, over the hard palate, and the lateral nasal wall. Kirby and Hepp [4] have described 
one case following dental extraction, and another where the operative interference was the 
intranasal operation; in the latter the invading organism was the anaerobic streptococcus. 
Abscesses may occur in any of the points of swelling and sequestration may follow at a later 
date if untreated. Septicemia or intracranial cumplications may kill the patient. 

Treatment.—This consists of draining pus wherever it may be encountered and giving an 
adequate dosage of penicillin. 


ILLUSTRATIVE CASES 

These include that of T. F. (Figs. 1 and 2), a boy aged 12, who was seen in December 1946. In 
his case the osteomyelitis had proceeded from an infected first canine milk tooth socket. On admission 
he was very ill and delirious. There was marked swelling of the left side of the face, neck and eye 
and discharge from the left nostril and mouth, with considerable chemosis and diminished eye 
movement. He ultimately became blind in that eye. He was treated with penicillin 20,000 units 
three-hourly and sulphadiazine 14 grammes six-hourly. After two days his general condition improved, 
though a localized fluctuant swelling developed over the ascending maxillary process. The swe'ling 
was incised and an irrigation and suction tube was inserted through which penicillin 1,000 :nits 
per c.c. was given twice a day. The subsequent progress was entirely satisfactory and the boy had 
no further trouble with the nose or with the teeth. After four months he had recovered cc tral 
vision of 6/9 in that eye. The second canine tooth has erupted normally. 

Osteomyelitis in sucklings—This requires separate treatment from the point of vie ’ of 
symptomatology because it presents itself as a somewhat rare condition, usually under the 
mistaken diagnosis of an acute maxillary sinus infection. In 1939 Asherson [5] mace a 
comprehensive review before penicillin was available, and considerable literature of repo’ted 
cases has grown up in the Laryngological and Dental Journals of the world [6, 7, 8, 9 10, 
11, 12, 13). Staphylococcus aureus is almost always the organism responsible, and the r: ute 
of infection has variously been thought to be the maxillary antrum, the dental germ oi the 
first molar, or the lacrimal apparatus. It seems to be generally agreed that the uneruy ‘ed 
dental germ is the commonest primary focus, and that the infection gains entry thro gh 
an abrasion on the surface of the gum. This theory gains support from the fact that i: a 
considerable number of cases the mother is found to be suffering from a cracked nipple or 
some other staphylococcal breast infection. The infecting agent may also obviously be he 
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Fic. |.—Skiagram of Case T. F. showing extreme Fic. 2.—Skiagram of T. F. three years 
opacity of left antrum, swelling of orbital tissues and later, showing residual bony thickening 
lateral nasal wall, and evident spread of infection to of antral walls. 
ethmoid. 
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Fic. 3.—Case I. V. on ad- 
mission. Considerable swelling 
46. In of left side of face and of eye- q 
lids, homolateral nasal dis- 
charg Fic. 4.—Skiagram of I. V. 23 years later. 
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roved, finger of a relative, nurse or doctor, or the teat of a feeding bottle. Haworth [14] described 
we ‘ling 5 cases and agreed that the route of infection was probably via the dental germ, and that 
) «nits this in its turn might be bloodborne or from the adjacent gum. He thought that there was 
oy had not enough information available in most of the published cases with regard to the condition 
central of the mother’s breast. 

The patients vary in age from a few days to a few months. The swelling is generalized 
on that side of the face and becomes extreme in the canine fossa. Pus appears in the nose 
ace a on the same side within twenty-four hours and is due to secondary antral infection, gastro- 
s0°ted intes‘inal disturbances are also commonly present. Treatment follows lines already described 
9 10. for o'der patients, i.e. to give adequate penicillin and to incise abscesses as they occur. 
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Th .c include case I. V. (Figs. 3 and 4), aged 6 weeks, seen July 1949. Breast fed but no history 
of mc her having had mammary infection. Abscess in the left canine fossa and lower orbital margin 
open! in both situations. Staphylococcus aureus grown in pure culture. Recovery was complete. 
An uw’ usual feature was that he developed stenosis of his lacrimal duct without dacryocystitis; this 
has y -lded satisfactorily to treatment. 
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Sir William Kelsey Fry: Osteomyelitis of the maxilla may be acute, subacute or chronic. 
At the present time the acute type is an uncommon condition. With improved socia! con- 
ditions this clinical picture is disappearing. In Singapore, where there is much 
malnutrition, osteomyelitis is common, but with less mortality as a result of the advent of 
antibiotics. 

The acute stage is frequently seen in the mandible where the blood supply is poor compared 
to that of the maxilla and infection in most cases spreads from the teeth. The few cases of 
acute osteomyelitis of the maxilla seen in adults since the Second World War have been due, 
I think, to direct infection from an acute antrum or as a secondary condition following a 
sarcoma of the antrum or its neighbouring structures. 

While acute osteomyelitis of the maxilla is rare, chronic local osteomyelitis of the bone 
is probably the commonest infection of the bone to be found to-day. Do laryngologists really 
appreciate the close relation of the spongy alveolar bone to the antrum? I raise this question 
because reference has been made to the dense, compact bone which forms the walls of the 
antrum, and one is left with a slight feeling that because of it, all is thought to be safe. It 
may be that the surgeon accustomed to doing the Caldwell-Luc operation forms the opinion 
that the antral wall is of an equal density in all regions, except for the inner wall. This is not 
so—the floor of the antrum, which is formed by the alveolar bone, has a very thin layer of 
compact bone, only a little thicker than the wall of the cancellous spaces of the alveolar 
bone itself. It is similar to that found surrounding the healthy tooth socket, which is nothing 
more than the wall of the cancellous spaces spread out in a line, and is seen in the X-ray 
as a white line known as the lamina dura. 

Microscopic findings in normal maxille show that the bony floor of the antrum is not 
always continuous; it is not only pierced by vessels, but sometimes shows broad interruptions 
so that the periodontal membrane of the neighbouring teeth comes directly in contact with 
the mucosa of the antrum. Further, there is an intimate relationship between the blood 
vessels supplying the teeth and their periodontal membrane and the antral mucosa. 


Mr. D. S. Hayton-Williams: Causes of osteomyelitis of the maxilla—(a) Authorities 
differ as to whether the most frequent cause is antral infection or odontogenic infection. 
(6) Infected maxillary cyst, particularly following inadequate treatment. (c) Gurshot 
= shell-fragment wounds. (d) In the case of sucklings, infection from the mother’s 

reast. 


Differentiation from acute dental alveolar abscess.—Extraction of the tooth in a ca:e of 
acute alveolar dental abscess produces local and general improvement within twenty four 
hours; whereas in osteomyelitis, if extraction of a tooth be the only treatment carrie: out 
there will be less marked improvement or even none. 

The closed eye and red indurated cheek may be due to a periostitis from acute dental abscess 
or due to an osteomyelitis from an infected tooth. 


Points in treatment.—(1) Early, plentiful and continuing antibiotics. (2) Conserv itive 
surgical approach. Gentle removal of a loose tooth is less traumatizing than inc’sion. 
Disturbance of developing tooth buds should be avoided if possible. 

Later help by dental surgeon.—(1) Fitting of prosthesis for missing bone and t-eth. 
(2) Orthodontic observation and treatment if necessary. 


(A full account of this Meeting will appear in the Journal of Laryngology and Otolog. .) 
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Section of Laryngology with Section of Otology 


INT SUMMER MEETING WITH THE SCOTTISH OTOLARYNGOLOGICAL SOCIETY, 
HELD AT EDINBURGH 


LARYNGOLOGICAL SESSION 
[June 15, 1951] 


Chairman—A. M. Zamora, M.Ch., F.R.C.S. 
FACIAL PAIN 


Mr. Terence Cawthorne [Abridged]: Introduction—Facial pain is a difficult subject which is 
perhaps why so little has been written about it: and it is one in which the oto-rhinologist has a 
special interest, for he is often asked to search for a cause and, what is more difficult, to suggest 
a cure. 

Though not uncommon, facial pain can often be a puzzling and stubborn complaint. More 
frequently, but not I believe more accurately, known as facial neuralgia, it may be caused by disorders 
of the teeth, eyes, nasal accessory sinuses or other facial structures, both superficial and deep, from 
which the trigeminal nerve receives sensory impressions. It may also be caused by disease in the 
neighbourhood of the fifth nerve trunk itself, or of its ganglia. Frequently, however, no cause can 
be found, and according to the form it takes it is described as trigeminal neuralgia, atypical facial 
neuralgia, or sometimes migrainous neuralgia. 

In a proportion of the patients in whom the primary complaint is facial pain, other features of the 
history or examination suggest a possible underlying cause for the pain in the nasal accessory sinuses, 
nasopharynx or ears. In others the unusual nature of the pain as seen in what is known as atypical 
facial or migrainous neuralgia calls for an examination of the upper respiratory tract even in the 
absence of any localizing symptoms. It is with such cases rather than the typical, severe and paroxysmal 
neuralgias that the oto-rhinologist will be concerned. 

It is necessary, therefore, that he should have a clear appreciation of the possible, as well as the 
likely, causes of such pain, so that he can know what to look for. He will, of course, have to report 
on the state of the nose, nasal accessory sinuses, nasopharynx and ears. If he finds anything wrong, 
no matter how trivial, he will advise on the possible connexion between the facial pain and any 
abnormality that his examination reveals. 

The main problem of facial pain for the oto-rhinologist is to know what to look for, and, having 
found it, to be able to judge whether it is worth acting upon or whether it should be ignored. His 
quandary is not made easier by the knowledge that if he advises a sinus operation for the relief of 
facial pain and the sinus is not responsible for the pain then the condition is likely to be made worse. 

Therefore, while he must have the proverbial eye of a hawk, particularly where the nasopharynx is 
concerned, he must also be prepared to turn a blind eye, above all to minor changes in-the sinuses. 

X-ray investigation, particularly of the sinuses, is an essential part of the investigation of a case 
of facial pain. Whilst a negative finding is conclusive, many of the radiological changes that are 
revealed can safely and wisely be ignored as a cause of facial pain. 


CAUSES 
A. NOSE AND SINUSES 

(1) (a) Infection—Frontal sinusitis, particularly when it is acute, can cause severe pain that is 
characteristic in its location and timing. 

Infection in other sinuses, as often as not, does not cause much discomfort beyond a dull ache, 
and chronic infection is often painless. For this reason minor radiological changes, particularly in 
the antrum, should rarely be regarded as a cause of facial pain. 

Ore interesting form of infection that can easily be overlooked as a cause of pain is the so-called 
dental! cyst of the antrum. Arising from a tooth root, it fills the antrum and contains a clear yellow 
fluid which is transparent on transillumination, though opaque to X-rays. Often the only symptom 
is a \iscomfort in the cheek, and the absence of clinical signs of antral disease can easily lead to its 
bein: overlooked. 

(b\ New growth.—Innocent new growths in the sinuses are rare, but every now and then X-rays 
will -eveal an osteoma, which in the frontal sinus may cause severe pain. Malignant growths may be 
pain'ess, particularly in the early stages, but a growth involving the posterior wall of the antrum will 
usualy cause very severe pain that may suggest a true trigeminal neuralgia. 

(c\ Pressure changes.—Blockage of the fronto-nasal duct may cause severe pain, though I think 
that 't is most frequently seen during the course of an upper respiratory tract infection. It is possible 
that some of the causes of so-called vacuum sinus headache are due to neuralgia of the naso-ciliary 
~ peg will be considered next. Sometimes sudden descent in an aeroplane will cause severe 
ron al pain. 

(2) \euralgia of the Naso-ciliary Nerve 

Ir 1927 Charlin, a South American oculist, drew attention to a painful condition affecting the 
nasc ciliary nerve with pain at the inner canthus, down the side of the nose and on the eyeball often 
asso iated with suffusion of the eye, temporary nasal obstruction and watery nasal discharge. This 
he e tributed to an affection of the naso-ciliary nerve, and more recently it has been referred to as 
neu: tis of the nasal nerve. Cox of Australia suggested that this is a specialized form of trigeminal 
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neuralgia occurring in a phylogenetically separate part of the gasserian ganglion, which re 
the nerve of the first branchial cleft. 

These patients are often referred to the oto-rhinologist because of the localized pain ; id the 
associated nasal symptoms. The pain can often be relieved by cocainization of the later2: nasal 
wall just in front of the anterior attachment of the middle turbinal, where the nerve lies bene th the 
mucosa. The condition can easily be mistaken for an affection of the frontal sinuses and : jay be 
the neuralgia referred to by Sluder. 

(3) Allergic Rhinitis 

Severe nasal allergy is sometimes accompanied by pain in the cheek or nose ¢ and frequen..y it is 
referred to the palate on the same side. 

B. NASOPHARYNX 

A carcinoma in the nasopharynx can be the cause of severe pain in the face out of all pro; ortion 
to the size of the growth. 

Consequently, it is not surprising that such cases are sometimes overlooked—with tragic :esults 
—and a thorough examination of the nasopharynx is an essential part of the oto-rhino!ogical 
investigation of a case of facial pain. 

C. EAR 

It is not always appreciated that aural conditions can cause facial pain, and though the ear is not 
often responsible, the possibility must always be borne in mind. 

(a) Petrositis.—Deep-seated facial pain is part of the clinical picture of petrositis, and I have seen 
it with anesthesia of the maxillary nerve without the accompanying VI nerve palsy. 

(b) Acoustic neuroma.—Very occasionally facial pain is the presenting symptom in an acoustic 
neuroma, and in such cases there is usually some loss of sensation and associated VIII nerve signs, 


Conclusions 

With the exception of acute frontal sinusitis infection of the sinuses rarely causes severe facial 
pain. If, during the course of a routine examination for pain, evidence of possible slight infection of 
one or more sinuses is revealed, it is often wise to ignore it; for should operation on the sinuses be 
carried out in a patient who has what may be called a tender V nerve the pain, far from being relieved, 
is likely to be made worse. 

Finally, very severe facial pain often accompanies carcinoma spreading from the posterior wall of 
the antrum into the pterygomaxillary fossa, or a small carcinoma hidden away in the nasopharynx. 


Professor Norman M. Dott: 


‘““Ma curse upon thy venomed stang, Aa’ doon ma beard the slavers trickle: 
That shoots ma tortured gums alang; I kick the wee stools ower the mickle, 
An’ through ma lugs gie’ S$ mony a twang, As roond the fire the giglets keckle, 

Wi’ gnawin’ vengeance, Tae see me loup: 
Tearin’ ma nerves wi’ bitter pang, While ravin’ mad, I wush a heckle 
Like rackin’ engines! Waur in their doup! 
| 
Whan fevers burn or agues freeze us, | Whaur e’er that place be priests ca’ hell, 
Rheumatics gnaw or colics squeeze us, Whance a’ the tones o’ mis’ry yell, 
Oor neebours’ sympathy may ease us An’ rankéd plagues their numbers tell 
Wi’ pityin’ moan; In dreadfi’ raw, 
But thee—thou hell o’ a’ diseases— ' Thou ... [Facial Pain], . . . [bearést] the bell 
Aye mocks oor groan! Amang them a’!” 


(With respectful salutations to ROBERT BuRNS.) 


Thus speaks Scotland’s Immortal Bard on ‘the subject of facial pain. 

Does not he very clearly advert to referred pain—further elaborated by Henry Head one hundred 
years later? Does not he make mention of nervous pathways known to anatomists as trigeminal? 
He refers to secretory and motor reflex phenomena, to emotional consequences, to the social! reper- 
cussions; and he gives facial pain its proper standing among the ills that flesh is heir to. It is ‘or us 
lesser mortals to ponder the substance and con the significance of that glorious speech. 

The Facial Territory is a meeting place for the dentist, the oculist, the rhinologist, the medical 
and surgical neurologist: and the psychiatrist, the plastic surgeon and others may also be fovind in 
attendance. The several fields within this territory are bound together and united by their deper dence 
upon a single nervous pathway for pain. Every pain stimulus from any of the structures of the ‘ace is 
transmitted to the brain through the trigeminal nerve, through its descending root and desce ding 
nucleus, through the widespread quinto-thalamic decussation to the lateral fillet and up to the tha'amus 
and its cortical relay. The unifying effect of this common “‘pain-service” for the several fields f the 
face is accentuated by the fact that the phenomenon of referred pain is highly developed in t'¢ tri- 
geminal system. No doubt, in so disposing, Nature achieves her object of especially efficient d. ‘ence 
reflexes against injury of the facial structures; but, regrettably, she failed to anticipate the develo; ment 
of our specialisms, and the confusion that referred pain was sure to cause among them. 

Now, as to the sources of facial pain, we note the more important structures of the face th>t are 
especially susceptible to pain. They are the teeth, the nasal cavities, the eyes and the arteries. =ach 
of these is provided with numerous pain nerve-endings. 

A source of secondary pain—often secondary to pain in one of the foregoing foci—is the muscle 
groups of the face, jaws, orbit, neck and shoulders which may be thrown into painful reflex s“asm. 
This circumstance may add difficulty to the detection of the original pain focus, whose iden ‘ty |s 
already obscured by wide and vivid painful reference within the facial territory. 
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We are all familiar with the grumbling wisdom tooth, whose painful impulses may be so spread 
centr:.\ly, as to be referred to other teeth, to the temple—even to the entire trigeminal distribution. 
From. a congested and compressed inferior turbinate, pain impulses may be similarly referred to the 
zygora, the upper teeth and further afield. The many other references of pain.from the, sensitive 
nasal -avities are well known. Pain from the eye is often widely referred around it. Migrainous pain 
from ‘he larger arterial trunks of the facial structures is in itself of & diffuse ill-localized character. 

While the detection of the focus of origin of a facial pain that is physiologically provided for may 
thus oe difficult, we must additionally take into consideration those foci of pain production—not at 
physivlogical pain nerve-endings—but on the trigeminal nerve pathways. Such pathological foci on 
the nerve pathway may be remote from the face—often within the brain; but the pain they provoke 
isconvincingly referred to the face and is presented clinically as such. In this group are inflammations, 
injuries and malignant disease affecting the trigeminal nerve branches, rarer affections of the gasserian 
ganglion and its root, and post-inflammatory and arteriosclerotic and neuro-degenerative lesions of 
the trigeminal connexions within the brain. 

In distinguishing these several pains referred to the face, and of widely differing origin, we have to 
depend on concomitant symptoms and signs, and, above all, on the behaviour of the pain under 
varying conditions of daily life. It behoves each ‘of us specialists to know enough of the painful 
facial syndromes outside the scope of our particular activity, that we may recognize them and so avoid 
useless or even injurious efforts at treatment. 


MALIGNANT DISEASE 

The pain caused by implication of branches of the trigeminal nerve by malignant disease of the 
jaws, mouth or pharynx, can be satisfactorily relieved by trigeminal nerve interruption. This can be 
achieved by alcohol injection of the gasserian ganglion; or, if the passage of a needle to the foramen 
ovale is excluded by ‘local disease, the sensory nerve root can be severed by either the temporal or 
the posterior approach. These measures are equally applicable before or after X-radiation treatment 
of the disease.. Even if the disease is believed to be eliminated by such treatment, the persistently 
painful local X-radiation effects should often be so treated. Not infrequently malignant disease of the 
mouth or pharynx involves branches of the second cervical and glosso-pharyngeal nerves in addition 
to the trigeminal. All three nerve roots can be conveniently severed by the posterior or cerebellar 
approach, It should be noted that interruption of sensory nerve branches distal to their root ganglia 
is followed by regeneration—and, of course, return of pain. Such recovery of function requires only 
six to ten weeks in the trigeminal nerve branches. Usually, therefore, the more central alcohol in- 
jection or severance, which is permanent in its effect, is to be preferred. These operations are 
not unduly formidable, under modern conditions, even for an elderly and cachectic patient. Such 
measures Could be employed more frequently with great benefit to these unfortunates. 

Occasionally other persistently or recurrently painful affections of the trigeminal nerve branches 
require similar treatment. Such are post-traumatic lesions of the nerve branches following fractures 
of upper or lower jaws. 

FACIAL MIGRAINOUS NEURALGIA 

Facial migrainous neuralgia is a well-defined clinical syndrome. Its proximate cause is a periodic 
relaxation and dilatation of the larger branches of the external carotid artery supplying the facial 
structures, or some of them. The pain stimulus arises in pain nerve-endings which are activated by 
distension of the vessel wall. In this it is analogous to cranial migraine, which, however, involves the 
cranial branches of the external carotid artery. 

The pain affects the upper half of the face most frequently; it may involve the lower part or the 
entire half of the face. Not infrequently it is also felt behind the ear. It is of an intense, steady, aching 
quality and is felt deeply in the face. The attack begins mildly; there is a crescendo over some five 
minutes: a sustained intensity of pain varying from fifteen minutes to four hours; followed by a 
diminuendo over a few minutes. I have never seen cranial migraine so severe as these facial attacks 
may be. The patient is apt to crave for solitude, isolation and recumbency. I know a doctor of stable 
temperament who, some twenty years ago, used to get his wife to assist him with chloroform inhalation 
when so afflicted. 

The eye on the affected side waters profusely, and it becomes finely injected. The eyelids and skin 
of the affected zone may become slightly puffy. The skin of the affected zone may be slightly flushed— 
but usually is not so. The superficial temporal artery may be seen and felt to be dilated and unduly 
puls:tile if it is affected. Some degree of nausea is common, but vomiting is infrequent. 

Te attacks recur in a series which extends over one week up to two months. During that period 
they usually recur once, sometimes twice, in twenty-four hours. The hour of daily recurrence is 
ofte’. remarkably constant—2 a.m. is perhaps the hour of election for the onset; but afternoon, 
even ng and morning hours of onset also occur. These somewhat long, and often devastating, periods 
of d: \ly recurrent pain are separated by considerably longer periods of freedom. Ten or eleven months 
isa: 9mmon free period: intervals up to two or three years are not uncommon. This long-term perio- 
dici' often remains fairly constant for an individual over many years. 

It hould be emphasized that in the free part of the day, during a series of attacks, and in the long 
inte .als between the series, there is no pain whatsoever, and in particular no sort of constant dis- 
con) ort. The patients are absolutely pain-free in those intervals. 

T 2 age of onset varies widely from the second to the sixth decade, with its highest incidence in 
the .ird and fourth decades. I have never known this syndrorhe to cease spontaneously, though I 
have known of some extending over twenty-five years. I have not observed that its severity diminishes 
abo | the fifth decade as in cranial migraine. Male patients are the more frequently affected. The 
con. tion is relatively rare. 
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It may be wondered what combination of circumstances may cause a particular group c facial 
arteries to behave in this manner, perhaps at fairly regular intervals of two years; I would r ‘er the 
reader to modern treatises on migraine for possible clues. In the small proportion of ab: it 5° 
the onset has been preceded by severe facial injury. I believe the effect of trauma may play a part 
in conditioning this syndrome—but that it does so rarely. Most cases have no obvious cause 

The treatment of this formidable and obscure malady is quite simple. Sir Charles Symonds xindly 
permits me to quote his experience that the recurrent attacks can be brought under contro! »y the 
intramuscular administration of “‘Femergin” (ergotamine tartrate) 0-25 mg., daily at bedtime. Once 
a week—usually on Saturday night—the dose is omitted in order to determine whether the ttacks 
have ceased spontaneously or not. If the pain does not recur the administration can be disco: tinued 
until the next series of attacks, perhaps months or even years later. In my personal experiec:\ce the 
recurrent attacks can be abolished with certainty by interruption of the trigeminal nerve. ‘| have 
never known this measure fail to secure complete abolition of the pain, if the preceding criicria of 
diagnosis had been satisfied. It is interesting that in at least some cases, periodic watering and 
suffusion of the eye and throbbing in the temple, with no pain or even discomfort, have been noted 
after this treatment. Possibly such painless attacks always persist, but few patients notice them 

Trigeminal nerve interruption is secured either by alcohol injection of the ganglion or by s« nsory 
root section. Fractional section is permissible, and is good practice, if the pain is clearly limited to 
the upper or lower parts of the face. The rationale of trigeminal interruption is, of course, to stop 
the transmission of pain impulses from nerve-endings in the arterial walls to the brain. 

I have dwelt at some length on this facial migraine syndrome, because it is perhaps not so w idely 
recognized as many other facial pains. The terms anterior migraine, ciliary migraine and trigeminal 
migraine have been applied to it. I am proposing Facial Migrainous Neuralgia as a simple, distinctive, 
correct and preferable expression. 


PAROXYSMAL TRIGEMINAL NEURALGIA OR TiC DOULOUREUX 

Paroxysmal trigeminal neuralgia or tic douloureux is a familiar malady. Its pain has a dancing 
and darting quality; individual attacks are briefer than those of facial migrainous neuralgia and 
the long-term periodicity is less extended. In it, too, the free intervals are devoid of any residual 
discomfort. Individual attacks are provoked by peripheral facial stimuli, which in themselves are 
benign and ought not to give rise to painful impressions. Under the influence of the special pathology 
of this disease they do, in fact, give rise to frightful explosions of pain referred to the face. This 
pathology is in the brain-stem. Probably it causes something analogous to an electrical short-circuit, 
so that benign stimuli of touch or muscle movement are deflected into the pain pathway and are 
registered in consciousness as severe pain. In the majority of sufferers, who are in the sixth to ninth 
decades of life, the lesion is of vascular origin. In the less numerous, younger patients neuro- 
degenerative or neurotropic virus infective lesions are the usual causes. Treatment is by permanent 
trigeminal interruption—effected either by alcohol injection of the ganglion or by fractional root 
section through the temple. The rationale of this interruption is to prevent the benign stimuli of 
touch or muscle movement from reaching the brain. Being thus absent they cannot be misinterpreted 
as pain—thus the attacks cease. They cease with absolute certainty provided the criteria for diayznosis 
are correct. 

Trigeminal nerve interruptions render the cornea, skin, or mucous membrane considerably |iable 
to trophic ulceration. This liability can be completely offset by cervical sympathectomy. It is said 
that two blacks cannot make a white—but this curing of trigeminal neurotrophic ulcer by sympa- 
thectomy comes near to’ that phenomenon. We use sympathectomy prophylactically to prevent 
corneal ulceration. We use it curatively for the occasional ulcer at the nostril, which can be severely 
destructive if allowed to persist. 


CHRONIC FACIAL PAIN OF CENTRAL ORIGIN 

Lastly, I wish to touch on chronic facial pain of central origin. This malady along with some 
other syndromes has also been called “Atypical Facial Neuralgia”. Doubtless this desigr ation 
represents the effort of some towering intellect—striving to convey to us the conception of a ‘acial 
neuralgia which is not typical of a type of facial neuralgia. I find the effort of grappling with these 
ideas too great, and prefer the simple and direct, if somewhat more cumbrous, title. I pre‘er it 
although it involves commitment to the belief that these pains originate in stimuli produced by 
lesions upon the nerve pathway within the brain—for I hold that belief. 

The chronic facial pains of central origin are all too common. Like tic douloureux, they are more 
frequently seen among elderly patients. The causal pathology is also similar—brain-stem vascular 
lesions in the older groups and neuro-degenerative and virus-infective lesions in the younger The 
lesion is either in the trigeminal descending tract and nucleus, in which case the pain is unilater ! and 
referred in zones roughly corresponding to the nerve divisions; or it affects the quinto-th: 'amic 
decussation, in which case the pain is bilateral, centred upon the snout area of the face and sym- 
metrical or asymmetrical around it. The lesion itself provokes the painful stimulus and |; not 
dependent on any sort of peripheral stimuli in doing so. 

Pain or discomfort, referred to the face, is constantly present—there are no intervals of cor plete 
freedom. It is a deep-seated diffuse ache. The intensity varies apparently spontaneously or accc “ding 
to distractions or with meteorological conditions. Agonizing stabs or “stounds”—not pro oked 
by peripheral stimuli—may be superadded at irregular intervals. A variety of sensations asso ated 
with the pain may be complained of—such as sensations of pressure, of burning or of tearing. _ 

The prognosis is uniformly bad. These poor wretches carry their pain, perhaps through a lon: life, 
to the brink of the grave. It is possible to mitigate its severity by suitable, non-habit-fo: sing 
analgesics—upon which the changes should be rung at intervals; and by appropriate psycho-the apy. 
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c facial On: o account should any peripheral nerve injection or operation be done. Such a procedure cannot 
r er the possib'v help a pain whose origin is central to the interruption and is independent of any sort of 
«at §° peripheral stimulus. Such an erroneous procedure adds disappointment—if nothing more—to a ° 
y a part life we-zhed down by suffering. 


- In e.\derly patients, who have run their race, whose philosophy of pain tolerance has worn thin, 
Is Kindly who have become obsessed by their chronic facial pain, and whose life has become a burden to them 
| by the and their relations on that account, the operation of frontal leucotomy brings great relief. That 
e. Once component of pain which we call distress or mental anguish is thereby abolished. They still feel the 
- sttacks 9 physical sensation but it no longer distresses and obsesses them. This is an alteration of emotional 
! tinued state and susceptibility, and the patient is not the same personality that he was. It is doubtful if the 
ciice the operation is appropriate for a patient who may still be expected to cope with normal responsibilities. 
have For the aged and broken-down sufferer, and in some cases of incurable malignancy, it is most 
ria of beneficent. 


i 

ing and I should add that although I have sharply categorized tic douloureux and chronic facial pain of 

nm noted central origin for descriptive clarity, they may rarely co-exist. If the peripheral “trigger mechanism” 

n and associated paroxysms are sufficiently prominent they may be cured by nerve interruption. It 
1SOry must, however, be realized beforehand that the element of chronic, unremitting ache will not be 

nited to eased at all. Indeed, left by itself, it may assume an added importance for the patient. 

to stop Posi-herpetic facial neuralgia is usually associated with residual lesions in the peripheral nerve and 

in the intracerebral pathway. Hyperalgesia due to the peripheral lesion is commonly slight, and the 

» widely central pain is usually the dominant element. Accordingly, nerve interruption is usually contra- 

geminal indicated; and it should be done only for severe hyperalgesia—bearing in mind that the element 

tirictive, of central pain will remain unchanged. 


Such is the present situation concerning the treatment of chronic facial pain of central origin. 
It is far from satisfying either for doctor or patient. Active consideration is being given to surgical 
means of interrupting pain impulses at a higher level. It is possible that such procedures as midbrain 
dancing spinothalamic tractotomy, ablation of portions of the thalamus or of the cerebral cortex may bring 
gia and relief. They are not yet sufficiently studied and developed for general clinical application. 


residual I should record that after a long experience of patients with facial neuralgias, I do not think I have 
Ives are seen one case of truly psychogenic facial pain. I have seen great variation in pain tolerance, and 
thology inemotional reaction to pain among those patients. I am, however, convinced that no patient has 
>. This complained to me of face-pain without an appropriate physical pain-provoking lesion. I do not say 
-circuit, that an entirely st th pain is an impossibility; but I do say that I believe I have seen no 
and are instance of it. 

O ninth 

neuro- Dr. John B. Gaylor: Facial pain of lancinating quality is experienced in tic douloureux but is 
manent by no means confined to that cistressing condition. Trigeminal neuralgia must have as its criteria 
al root of diagnosis, electric-shock-like pain lasting for fifteen or thirty seconds to a minute at the most: 
muli of J the pain must be confined strictly to the fifth cranial nerve territory and between paroxysms of pain 
preted there should be no complaint of the slightest symptom. Lancinating pain may occur in disseminated 


a sNOsIs sclerosis, in tumours of the gasserian ganglion and in the syndrome of the temporomandibular joint. 
In disseminated sclerosis other manifestations of the disease are usually discernible either from the 
y liable history of the case or from the routine investigation of the nervous system; tumours of the gasserian 
is said ganglion show objective evidence of sensory impairment and temporomandibular joint dysfunction 


sympa- (Costen’s syndrome) as a multiplicity of symptoms and signs due to overclosure of the jaw in biting 
proves and chewing. Yet, this last symptom-complex has lancinating pain as part of the complaint. What, 
sev erery in addition, are the features of this syndrome? As in tic douloureux movements of the jaw excite 


pain. Pain, however, is not strictly confined to the trigeminal territory. There may be a background 
of burning pain in the throat and tongue. An ache deep in the ear is, more frequently than not, a 
distressing feature. This ache may be accompanied by a low-buzz tinnitus. Behind the ear and in 


h some the neck discomfort irks the sufferer. Dullness of hearing without real deafness is often an anomalous 
gration symptom. Objectively the patient shows that the vertical dimension of the bite has been reduced. 
a facial The position of rest and that of full closure is separated by a distance of more than the normal limit 


h these of 3mm. Movement of the temporomandibular joint is either grossly limited or more than usually 
reer it free. Crepitus, sometimes associated with an audible click in the joint of the affected or unaffected 
ced by side, ;ray be felt. Tenderness is elicited on pressure over the mandibular joint. In the great majority 
there s loss of teeth: often the patient is edentulous and has been supplied with too shallow dentures. 
e more Pain n the face, ear and throat cannot be explained in terms of the temporomandibular joint in- 

@-cular nerveiion alone. This innervation, strictly trigeminal, might give rise to facial pain but not to pain 

r The | deep ‘9 the ear and in the throat: nor thereby could one easily explain tinnitus. If the total inner- 
r | and vatio’. of the middle ear be implicated, the whole syndrome might be construed. Elements of the 
1. amic mand bular and hyoid arches go to form the mature structure of the middle ear. From the anterior 
i. sym- procc:s of the malleus, the vestigial fibrous remains of the mandibular arch extend to the spheno- 

not manc ibular ligament through the petro-tympanic fissure. In overclosure distortion of the eustachian 
tube sas been described but also it seems likely that overclosure will cause the posterior aspect of 
1 plete the cndyle to deform the thin tympanic plate which ends in a free edge at the petro-tympanic fissure. 


vi ding If th’ plate be deformed the whole innervation of the middle ear, V, VII, IX and X cranial nerves 
0. oked will be affected. Pain will be experienced in the ear and throat as well as in the face. Tinnitus will 
o: iated resul from spasm of the intrinsic muscles of the middle ear because of the threat to the organ. 

.. Th t this mechanism is possible seems likely. Closure of the jaw is effected by strong muscles, 
ni; life, the isseter, temporalis and internal pterygoid. These contract beyond their normal limits to close 





or ning the jay when the vertical dimension of the bite has been lost; the condyle is forced backwards and 
he apy § sligh y downwards assuming that, as is generally accepted, the axis of rotation is in the region of 
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the mandibular foramen. The fact that infiltration of the region of the petro-tympanic fissui + with 
novocain abolishes the whole syndrome, for the time being at least, is highly suggestive that the cause 
of the widespread symptoms is in this site. Cases in whom complete anesthesia of the whole trige ninal 
territory has been achieved surgically may have the pain of Costen’s syndrome relieved by this in- 
jection. Injection, of course, is not the only therapeutic measure to be adopted. Prosthetic trea ‘ment 
provides flat-topped dentures in order to prevent overclosure. 

Not all who overclose the bite have the syndrome just described. The ligament which pr: vents 
backward pressure of the condyle is the rather tenuous temporomandibular ligament. This may be 
torn in yawning and through the use of a gag. That many cases follow forcible opening of the n.outh, 
particularly under anesthesia, is highly significant. 

The elucidation of this syndrome has been done in conjunction with my dental colleagues in the 
Department of Orthodontics of the University of Glasgow School of Dentistry, and I take this 
opportunity of acknowledging their co-operation and help. 


The Mechanism of Swallowing 


By G. M. ARDRAN, M.D., and F. H. Kemp, M.R.C.P. 
From the Nuffield Institute for Medical Research, University of Oxford 


A series of X-ray cinefilms was projected to demonstrate certain aspects of swallowing in the 
mouth and pharynx. A précis of the accompanying remarks is given and a few selected frames from 
the filrms are illustrated. 

These observations are in the nature of a preliminary communication and many aspects of the 
subject require further study, but it seemed that they are of sufficient interest to present at this stage. 
The basic pattern of any part of the swallowing act is virtually constant, though there may be 
considerable variation in detail from individual to individual. 

The method of indirect X-ray cinematography has been used, i.e. cinephotography of the 
fluorescent screen image. Most of the films have been exposed at the rate of 25 frames per second 
though some have been taken at 50 frames per second. The apparatus used has been described 
in 1950 (Ardran and Tuckey, 1951, 1952). Considerable use has been made also of still X-ray films 
taken in the orthodox manner. The contrast medium used was barium sulphate in large and small 
amounts of varying consistency, with or without added foods. In addition, films have been exposed 
without contrast media and in one case a silver clip was fixed to the epiglottis in order that the move- 
ments of this structure could be analysed. Observations have been made in the lateral, antero- 
posterior and oblique projections and also in the inverted position. 

We have learnt to distinguish between the movements necessary for taking food into the mouth, 
mastication, the preparation of the bolus and those necessary for the act of swallowing. Since these 
actions may overlap it is important to describe a simple experiment first. 

Each subject was given a dessertspoonful of barium cream and asked to hold it in the mouth until 
requested to swallow. The films were taken with the subject sitting in the erect position. 


THE LATERAL PROJECTION 

When swallowing commences the tongue is pressed upwards and forwards against the hard palate 
so that the bolus is squeezed backwards like toothpaste being pressed from a tube (Fig. !). As the 
bolus passes through the fauces the arched dorsal surface of the tongue is lowered to form a steep 
slope leading downwards into the vallecule (Fig. 2). Meanwhile, the mesopharynx has been narrowed 
and the opening into the nasal cavity closed off. 

When the apex of the bolus reaches the vallecule it appears to tip the epiglottis backwards against 
the posterior pharyngeal wall (Fig. 3). Here, for a moment, the bolus is held up but some of it soon 
spills over the pharyngo-epiglottic folds into the lateral food channels and then descends quickly 
On one or both sides of the larynx into the pharyngo-laryngeal recesses and the cesophagus. As the 
main mass of the bolus is thrust backwards, the slope of the tongue is progressively increased, be- 
coming vertical as the last of the bolus enters the pharynx; return to the mouth is then blocked by 
the mass of the tongue and the apposed anterior pillars of the fauces. 

Associated with the movement of the tongue there is progressive elevation of the larynx and 
the hyoid bone, with the result that the lumen of the larynx is constricted and arched backwards. 
As the mass of the bolus enters the pharynx, the larynx is also pulled forwards so that the epiglottis 
comes away from the posterior pharyngeal wall and stands out like ‘‘a rock under a waterf@ll”. 
The larynx, though narrowed, is not always closed. In this position most of the food continues to 
be diverted down the lateral food channels but some of it passes directly over the larynx and a | ttle 
often enters the laryngeal vestibule (Fig. 4). 

In the concluding phase of the second stage of swallowing, the tongue arches backwards into the 
pharynx and the posterior pharyngeal wall is pulled forwards to meet it; this action takes place 
from above downwards with the result that the food is actually pushed down. The tongue of the 
epiglottis is tipped backwards and appears to be ‘“‘swallowed”. Meanwhile the larynx, which is still 
raised, is bent further backwards so that the tip of the epiglottis reaches down to the mouth of the 
cesophagus (Figs. 5 and 6). At this stage many records indicate that the lumen of the larynx, tho::gh 
greatly narrowed, is still open, permitting air to be drawn into the oesophagus after the manner cf a 
water-suction pump. Finally, the lumen of the larynx is closed. After the last of the bolus has <is- 
appeared, the tip of the epiglottis is brought forward over the larynx. Next follows a pause of about 
0-2 second while the bolus passes down the cesophagus. Then reinflation of the airway takes place 
Fig. 7). The larynx appears to fill with air from below as it falls back to its normal position of “est 
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and as the epiglottis sweeps upwards to assume its erect position. The pharynx fills with air from 
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abo.e as the soft palate falls. When the airway has been restored the subject takes a breath and 


resumes his ordinary respiratory movements. 


THE ANTERO-POSTERIOR PROJECTION 


| is difficult to demonstrate swallowing in the antero-posterior projection on account of the 


superimposed skull, but if films are taken with sufficient penetration, the main features of the swallow- 


ing act can be made out. 


— 


ie films show that as the bolus is thrust upwards it is compressed from above downwards and 


from side to side. It descends into the pharynx in a furrow in the mid-line of the tongue (Fig. 8). 
As the bolus stream reaches the epiglottis it is divided by the glosso-epiglottic fold and diverted into 











A lateral view of the head and neck 
of a woman without teeth in the upper jaw. This 
picture was taken from the 5th frame after 


Fic. 1. 


swallowing commenced. It shows the forepart 


of the tongue thrust upwards against the hard 
palate and inner surface of the superior alveolus. 
The bolus comprising a pool of barium and a 
large air bubble has been pressed backwards 
against the anterior pillar of the fauces. At this 
stage the soft palate is in contact with the arched 
dorsal surface of the tongue. 





iG. 3.—Vallecular arrest. The bolus is resting 
up n the epiglottis; a little has spilled into the 
ph: ryngo-laryngeal recesses. The laryngeal ves- 
tib ‘le, which is slightly arched backwards, is still 
in ‘ommunication with air in the hypopharynx. 











Fic. 2.—The same subject (frame 13) showing 
the bolus descending the sloped dorsal surface of 
the tongue, the mouth being closed; the oral 
cavity being obliterated by apposition of the 
forepart of the tongue and the hard palate. 
The soft palate is elevated to close the naso- 
pharynx. At this stage the laryngeal airway is 
still in Communication with air in the hypo- 
pharynx. 





Fic. 4.—Showing a bolus held in the pharynx. 
A little barium has entered the laryngeal vestibule 
descending as far as the ventricle. 
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Fic. 5.—A silver clip has been fixed to the Fic. 6.—The same subject. A frame selected 
upper edge of the epiglottis of a volunteer: no from a film taken when water was being swal- 
anesthetic was used. lowed. It shows the down-turned clip. 











Fic. 7.—The same subject. A later phase, Fic. 8.— Antero-posterior Fic. 9.—Antero-poster- 
showing the airway being re-established. Two view showing barium passing ior view centred lower 
images of the clip on the epiglottis appear down the mid-line channel of down. This shows the 
because of the rapidity of movement of the the dorsum of the tongue into — barium spilling down the 
epiglottis. the vallecule. lateral food channels. 


the valleculz. Here there is usually a momentary pause and then it spills over one or both pharyngo- 
epiglottic folds into the lateral food channels and quickly passes into the cesophagus. If both later::! 
food channels are used the two streams tend to come together about the level of the mouth of the 
oesophagus (Fig. 9). When fluid is swallowed the cesophageal stream may be canalized by a column 
of air, apparently aspirated from the larynx. 

Further comments were given on films illustrating the mode of action of the tongue, the so't 
palate and the epiglottis. The influence of gravity, the use of the lateral food channels, variations i 
the size, shape and consistency of the bolus were also considered. These aspects will be describe 4 
in detail in further communications to be published elsewhere. 


We wish to acknowledge the help of our assistants, Miss E. Emrys Roberts and Mr. M. S. Tucke: , 
without wi om this work could not have been carried out. Our thanks are extended to the many 
members of the Staffs of the Radcliffe Infirmary and Institute of Social Medicine and others wh> 
acted as volunteers. We are also grateful for the help and encouragement of Mr. Ronald Macbeth. 
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Propagation of Strains of Foot-and-Mouth Disease Virus in Unweaned 
White Mice 
By H. H. SKINNER, M.R.C.V.S. 
Research Institute, Pirbright, Surrey 


INTRODUCTION 


ALL attempts by the earliest workers in the field of foot-and-mouth disease research to 
produce obvious clinical signs of infection with the virus in white mice were unsuccessful. 

Later, following upon the successful development in white mice of “neurotropic” strains 
of the viruses of yellow fever and horse sickness for immunizing purposes, a similar attempt 
was made by Nagel (1937) with the virus of foot-and-mouth disease. He found that it was 
possible to maintain the virus in white mice only if the brain was passaged within twenty-four 
to forty-eight hours of its inoculation. There were no clinical signs until 140 intracerebral 
passages had been made (Hofmann, 1941, 1944). Galloway (1939), RGhrer (1944) and Hudson 
(1947) made experiments with seven other strains of virus. With five of these strains no 
clinical signs were seen although from 36 to 104 passages were made. With two strains, 
clinical signs appeared after 76 and 144 intracerebral passages and were considered to be 
due to an encephalomyelitis. Many more passages were required before the virus lost its 
property of producing vesicular lesions in guinea-pigs or cattle and such strains have not 
been put to any practical use. 

The mice used in all the above work are believed to have been at least 4 to 5 weeks old. 
Had unweaned mice | to 2 weeks old been used fatal symptoms associated with gross changes 
in the myocardium and skeletal muscles might have been observed from the earliest passages, 
for this has been the experience with nine bovine strains and six guinea-pig strains of the 
virus in the work now to be reported. 


PRELIMINARY EXPERIMENT 


The first clue in this work was obtained quite fortuitously in an experiment performed 
in February 1950. The susceptibility of the cotton rat to intracerebral inoculation of foot- 
an-mouth disease virus was being investigated. At the first passage, in order to foster the 
small available stock of cotton rats, a large group of white mice, 3 weeks old, was inoculated 
intracerebrally simultaneously with the cotton rats. These mice were killed at intervals 
after inoculation so that the titre of the virus in the brain might be followed. The hope 
wes entertained that the information obtained might suggest the lines of future work in the 
co‘ton rat if this animal should prove to be resistant. 

The virus inoculated was a mixture of bovine strains of different immunological types and 
wi hout going into details it will suffice to say that at this first intracerebral passage 7 mice, 
ov. of 13 remaining after the first day, developed symptoms on the second to fourth day. 
P: ssaging was continued in groups of ten or more mice, 3 to 4 weeks old, with 10% suspensions 
o! brain tissue inoculated intracerebrally and by the Sth passage the infection rate had 
re iched 100%. 

At each mouse passage various tissues were taken for titration on guinea-pigs by the 
it radermal inoculation of the metatarsal pad and these animals reacted with local and 
s ondary lesions which were identical with those produced by foot-and-mouth disease 
Vvivus. 

infective material was collected from these lesions as antigen for complement-fixation 
tc ots, or the guinea-pigs were allowed to recover and were then tested for immunity with 
s! ndard type guinea-pig strains, or they were killed for the production of convalescent serum 
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for use in complement-fixation or serum-neutralization tests. Each of these methoc ; of 
checking the specificity of the infective agent indicated that after the second mouse pa: age 
apparently only one type of foot-and-mouth disease virus was surviving. This was one c: the 
three newly recognized types—S.A.T.2 (Galloway, 1950; Galloway, Brooksby, Hendei on, 
1951). Two Rhodesian strains of this type had been included in the original mixture w jich 
also contained two strains of type Vallée O and one of types Vallée A, Waldman. C 
and S.A.T.1. 

Passaging of this strain was abandoned at the 9th passage in order to determine whether 
equal success could be attained by initiating passages with individual strains instead of a 
mixture. In these preliminary investigations three observations had been repeatedly confiri..ed: 

(i) Intradermal guinea-pig titrations indicated that at the height of infection the blood, 
spleen and pooled heart and lungs each contained up to one hundred times more virus than 
the inoculated brain collected from the same mice. 

(ii) Comparative titrations of brain tissue in mice by the intraperitoneal and intracere bral 
routes had shown that they were equally sensitive for the detection of virus. 

(iii) Whichever of these two routés was used mice 2 to 24 weeks old were more suscept ible 
than mice 3 to 4 weeks old and with each route the clinical syndrome was the same. 

When, therefore, strains were examined individually, the heart was chosen as the tissue for 
passage, the peritoneal cavity as the site of inoculation, and unweaned mice as experimental 
animals. By adopting this technique, a bovine strain representing each of the six virus types 
was established in mice without difficulty. 


ESTABLISHMENT OF MOUSE STRAINS REPRESENTING THE SIX VIRUS TYPES 

At first mice 14—18-days old were used, but later it was found that 7-10-day-old mice were 
more susceptible and were essential for satisfactory passaging of some of the strains. No 
increase in susceptibility was noted in mice under | week old. 

With the younger mice (7-10 days) the most obvious symptom was a spastic muscular 
paralysis of the hindquarters which spread and involved the whole of the body if death 
did not supervene. Respiratory distress was often present also from the earliest stage. 
After the first passage or two, symptoms appeared in twenty to forty-eight hours alter 
inoculation even with minimal infective doses and the mice rarely survived longer than 
twelve hours after their onset. No macroscopic lesions could be detected in the affected 
skeletal muscles when the course of the infection was so short, but in older and more 
resistant mice in which death did not occur until later, or in which the symptoms persisted 
for only a few days, some striking lesions could be seen from about the fourth day after 
the onset of symptoms. All the muscles of the hindquarters sometimes had up to 90% 
of their fibres in a state of degeneration and appeared a pale biscuit colour. The areas involved 
were diffuse in the more recently affected muscles but in older lesions they were variegated 
and had foci of actively regenerating muscle fibres. These lesions predominated in the hind 
limbs and lumbar region but often extended forward into the muscles of the back. The 
abdominal, intercostal, scapular, mandibular and lingual muscles of some mice were also 
seen to be affected. 

In mice of all ages the earliest symptoms frequently occurred in one hind limb before the 
other and almost invariably this affected limb was on the side into which the intraperitoneal 
injection had been made. 

If unweaned mice were killed at the time when only one hind limb was paralysed the titre 
of the paralysed limb, when titrated intraperitoneally in mice, was 107° to 107° which was at 
least one hundredfold higher than the titre of the unparalysed limb from the same animal. 
Removal of the bones from the paralysed limb did not appear to reduce the virus titre. 

With most of the strains macroscopic heart lesions, similar in form to those in the skeletal 
muscle, were seen in 40°% to 50% of mice one to two weeks old at the time of death. W th 
these strains heart tissue had a titre of 10-> to 10-7 in mice. Such high titres have not vet 
been demonstrated in the blood. 

With one strain (149) heart lesions were rare and the titre of the heart tissue did rot 
rise above 107°, yet the paralysed limbs from the same mice had a titre of 10-*. With t iis 
strain the hind limbs were finally chosen as the tissue for passage. 

Further observations are required on the evolution of the disease syndrome and ‘he 
morbid changes in the different tissues, and an attempt made to correlate these with ‘he 
findings on the concentration of virus in these tissues. The results should make it possi’ le 
to form a more definite opinion with regard to the sites of multiplication of the virus. \t 
this early stage, however, the possibility must be considered that the virus may multiply in 
skeletal and cardiac muscular tissue. 

Five of the strains were taken to the 20th mouse passage and one (R.V.7) to the 6th mov se 
passage. Virus from these final passages was used in extensive tests to determine the ty e 
specificity of the strains. It was used (i) to infect guinea-pigs which were later tested w:h 

















) 

as cage 
©: the 
ei °0n, 
Ww iich 
ina C 


rived: 
ood, 
s than 


re ral 
ptible 


ue for 
nental 
ty pes 


> were 
No 


scular 
death 
Stage. 
after 
’ than 
fected 
more 
‘sisted 
alter 
90% 
‘olved 
gated 
>» hind 

The 
e also 


re the 
‘oneal 


e titre 
vas at 
imal. 


eletal 
With 
yt vet 


NOL se 
ty" 
wih 








17 Section of Comparative Medicine 1043 





the standard guinea-pig strains, (ii) to test the immunity of guinea-pigs immune to the 
standard guinea-pig strains, and (iii) in serum-neutralization tests in mice in which the sera 
wer. the standard hyperimmune guinea-pig sera for complement-fixation tests prepared 
at Virbright. All these tests showed conclusively that each strain had maintained its type 
specificity throughout passaging in mice. The fact that specific neutralization of the strains 
could be readily demonstrated in mice showed that no virus other than that of foot-and- 
mouth disease was implicated. 

Virus from the final passages of each strain was titrated in groups of mice of all ages and 
the essential results, which were similar to those seen at earlier passages, are summarized 
in Fig. 1. 


.e) 


Fic. 1.--Virus dose required to produce a 
clinical infection in mice of different ages. 


LOG Diagram is constructed from the results 
1DSO 2 obtained with six mouse passaged strains 
a following intraperitoneal inoculation of a 
AGED 3 series of ten-fold dilutions of virus simul- 
ONE taneously into mice aged | week and older. 
WEEK 4 Strains 119, 149, M.11, Bec. 1, Rho. 1 and 


R.V.7 are of types Vallée A, Waldmann 
C, Vallée O and S.A.T.1, 2 and 3 respec- 
tively. 





I 2 3 4 5 6 WKS 
AGE OF MICE 


OTHER SPECIES SIMILARLY AFFECTED BY FOOT-AND-MOUTH DISEASE VIRUS 

In some epizootics of foot-and-mouth disease a common feature is a high proportion of 
sudden deaths in young calves and pigs and at post mortem the only gross pathological 
changes to be seen in these young animals are in the myocardium. A similar syndrome has 
been produced experimentally in very young puppies (Stockman ef al., 1927; Géiolitti, 
1950) and in very young guinea-pigs (Schmidt, 1936). 

With certain field strains of virus associated with ‘“‘malignant’’ foot-and-mouth disease a 
small proportion of adult cattle may also develop lesions in both the myocardium and 
skeletal muscles (Trautwein, 1929; Pallaske, 1940, 1941). 


OTHER VIRUSES CAUSING A SIMILAR SYNDROME IN MICE 

Symptoms and lesions in young mice which closely resemble those associated with infection 
with strains of the virus of foot-and-mouth disease are observed also in mice infected with 
other viruses. These include the viruses of the mouse encephalomyelitis (Rustigan and 
Pappenheimer, 1949) and the encephalo-myocarditis (Schmidt, 1948; Dick, 1948; Warren, 
Smadel and Russ, 1949) groups, and strains of Coxsackie virus (Dalldorf, 1950; Melnick, 
1950; Pappenheimer er a/., 1950; Weller et al., 1950; Melnick and Godman, 1951). 

Our own studies are not yet sufficiently advanced to allow comment on the comparative 
histological features of the lesions. Serum-neutralization tests with sera prepared against 
Mengo-encephalomyelitis virus (EMC group) and eight types of Coxsackie virus have failed 
to demonstrate neutralizing action on any of the six standard type mouse strains of the virus 
of foot-and-mouth disease. Results with sera prepared against both types of vesicular 
stomatitis virus have been the same. 


APPLICATION OF FINDINGS 


i) Virus titration —Throughout passaging of the strains there was no loss of their ability 
to infect the guinea-pig by intradermal inoculation of the metatarsal pads. The titre of the 
mouse strains in guinea-pigs inoculated intradermally on the metatarsal pads (I.D.) was 
consistently about a hundredfold lower than in mice inoculated intraperitoneally (I.P.) 
both at the early and late passages. One strain (M.11) after 20 mouse passages was titrated 
simultaneously in mice and cattle (I.D. inoculation of tongue). The titre in cattle was one 
hundred-fold lower than in mice, but the disease was as severe as that caused by the original 
bovine strain. 

These results correspond with those already known to apply to bovine strains and 
inea-pig adapted strains. Comparative titrations carried out in guinea-pigs and cattle 
»w that the guinea-pig strains have the highest titre in guinea-pigs, and the bovine strains 
ve the highest titre in cattle (Henderson, 1949). 

[t was surprising, therefore, to find that when six different guinea-pig strains—three of 
wich had received over 500 intradermal passages in the guinea-pig—were titrated in mice 
(1 P.) and simultaneously in guinea-pigs (I.D.), the titre in mice was in each case about 
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10 to 50-fold higher than in the guinea-pig. With the co-operation of Dr. Henderson, s 
taneous titrations in cattle (I.D. inoculation of tongue) and in mice (I.P.) have so far een 
performed on four occasions with two bovine strains and each time the titre in mice was 
at least as high as that in cattle. 

The standard dose of inoculum for unweaned mice throughout-this work has been 0-0 ml. 
This amount may be slightly in excess of the total volume retained at the sites of inocul:.tion 
in a guinea-pig, but it is probably not greater than that retained at each site inoculated o:) the 
tongue of cattle. With these strains, therefore, the unweaned mouse, about | week old. 
has proved to be a very sensitive animal for detecting the virus of foot-and-mouth di. 2ase 
in high dilution and it may be found to be a valuable experimental animal for genera! use 
for this purpose. 

(ii) Serum neutralization.—The results obtained in the serum-neutralization tests already 
mentioned showed a further use for the unweaned mouse. By such tests it has been pos:ible 
to demonstrate that mature mice which resist overt infection nevertheless undergo a sub- 
clinical infection, for serum collected three weeks later may have a neutralization index of at 
least 1,000. 

Mature mice infected subclinically in this way have also produced litters several weeks 
later which cannot be infected clinically with homologous type virus. 

It is possible to carry out serum-neutralization tests with bovine strains and bovine serum 
directly on mice and in such a test convalescent bovine serum has, at a dilution of 1/50, 
shown a neutralization index of 10,000. This is a higher figure than would be expected for 
undiluted serum if the test had been carried out in cattle, the only other satisfactory animal 
for this purpose (Brooksby, 1949). Such a test should be of great service in immunological 
studies and epizootiological investigations. 

The mice used in this work have been from our own colony which originated from the 
Mill Hill Parkes’ strain. Latterly, a “Swiss” strain from the Agricultural Research Council's 
Field Station at Compton has also been used. 


I have to thank my colleagues Drs. W. M. Henderson and J. B. Brooksby and 
Mr. J. R. Haddow for supplying the virus strains and hyperimmune standard type sera. 
Dr. Brooksby was also responsible for the complement-fixation tests. 

Dr. I. A. Galloway kindly arranged for the supply of Mengo-encephalomyelitis and 
Coxsackie anti-sera from our British and American colleagues. 
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Professor S. R. M. Reynolds read a paper on Comparative Foetal Maturity at Birh. 
(See ‘‘Perspectives in Prematurity” (1949) Amer. J. Obstet. Gynec., 58, 65.) 


Dr. W. G. Spector read a paper on Pyelonephritis in the Fowl. The complete monogre oh 
will be published by the Agricultural Research Council. 
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DISCUSSION ON TUBERCULINS IN HUMAN AND 
VETERINARY MEDICINE 


Dr. H. H. Green, Veterinary Laboratory, Ministry of Agriculture, Weybridge. 

The object of this opening paper is to discuss briefly the types of tuberculin in use in 
human and veterinary medicine, with particular reference to the description of mammalian 
tuberculins in the British Pharmacopceia and Pharmaceutical Codex, to the specificity 
characteristics of various tuberculins and the criteria of specificity needed when man is 
not the only animal under consideration. The origin of my contribution lies in a discussion 
with Professor R. E. Glover on the phrasing of a descriptive notice on tuberculins intended 
for the prospective Veterinary Pharmaceutical Codex, in which I urged that the veterinarian 
should remain as unshackled by medical tradition as possible and be in no way bound by 
the B.P. Codex. It also connects with some correspondence with Dr. A. A. Miles on problems 
of biological standardization and with a discussion at the Ministry of Health in which I 
urged the general adoption of P.P.D. Tuberculin in place of O.T. This introduction presents 
the point of view of a biochemist and is intended as a plea for P.P.D. tuberculins. 


TYPES OF TUBERCULJN 
In the British Pharmacopeeia and Pharmaceutical Codex two types of tuberculin are 
recognized, “‘Old Tuberculin” and ‘Purified Protein Derivative Tuberculin”, but to me, at 
least, the specifications for each leave much to be desired. Many medical men I have talked 
to, even specialists on tuberculosis as a disease, seem vague on the chemical nature and 
relative merits of the products. 


(1) Old Tuberculin—In describing the preparation of O.T. wide latitude is allowed in 
selection of media for growth, and no particular strain of M. tuberculosis is demanded. 
It seems to be assumed that the same end-product will be obtained whether the final fluid 
is evaporated in presence of the micro-organisms or after their removal by filtration, and the 
statement is made that there is no clear evidence that preparations from human type and 
bovine type “differ as to their active principle’. The specification that the medium should 
contain 5% of glycerol, and after growth should be evaporated to one-tenth volume on 
the water-bath, suggests that a heat-concentrated tuberculin deviating from this mode of 
manufacture is not entitled to the designation O.T. and could not be dispensed as such. 
The phrase “if necessary diluted with 50° glycerol’ ignores the fact that if dilution is not 
necessary the finished product may contain hardly any glycerin at all; indeed one sub- 
standard supplied from a well-known institute, although equivalent to international standard 
in potency, showed only 2°% glycerol when analysed by the specific periodate technique. 

The only point which seems to matter in the B.P. description is that the final preparation 
must match international standard O.T. in potency, but even then no precise method of 
assay is insisted upon. It would surely simplify life for manufacturers if O.T. were plainly 
described as ‘‘any witches’ brew derived by evaporation of any unspecified fluid medium 
in which any unspecified strain of mammalian M. tuberculosis had been grown, provided 
its potency matched that of another witches’ brew kept in Copenhagen and called international 
standard, or any allegedly equivalent sub-standard thereof, when tested on an unspecified 
number of guinea-pigs without worrying too much about statistical analysis of results’’. 

’ can, if requested to do so, defend this wild suggestion for revision of the B.P., on the 
basis of chemical analysis and potency tests on a variety of actual specimens bought on 
th. open market as “Old Tuberculin’’. The potency ranged from one-half to three times 
in‘ernational standard, although the one with the highest potency, an American product 
also sold in this country, seems from its physico-chemical characteristics to have been 
concentrated by other means than simple heat evaporation. One “tuberculin”, not described 
as an O.T. and not stated to comply with B.P. standard, showed a potency only about 
or2-tenth international standard—a clear indication that no reliable guinea-pig assay had 
be2n conducted on it before issue. 


t should, of course, be stated that the British Pharmacopeeia (1948, p. 803) does suggest 
a :tandardization technique and indicates the fiducial limits of a properly randomized eight 
gu .nea-pig test, but there is no obligation to conform to the suggestion and it is quite certain 
th it some commercial standardizations, in various countries, are very badly conducted. 
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There is also considerable confusion in the literature on tuberculosis concerning the 
potency of various concentrated tuberculins and I have, for example, seen the * ieat 
concentrated synthetic medium tuberculin” (H.C.S.M.) of the Bureau of Animal Ind: stry 
(B.A.I.) in America described as ‘quarter O.T.’’. In point of fact it matches internati.na| 
standard in potency and, indeed, is usually slightly above. The confusion arises by assur: ing 
that when a bacterial culture filtrate is evaporated to one-tenth it is concentrated ten t’ nes 
in potency, and that since B.A.I. tuberculin is made by evaporation to one-fifth and su>se- 
quently diluted with an equal volume of phenolized glycerol, it can only be one-quarte” as 
potent. Many people engaged in tuberculin production but who are not chemists, e:‘her 
forget or do not know that the process of evaporation of culture filtrate in basins on a steam 
bath involves extensive denaturation of the active protein principle, and that in filtering off 
the insoluble debris for final clarification two-thirds of the potent material originally present 
may be thrown away; also that the process of evaporation may involve extensive oxidation 
of, and acid production from, the glycerol present. The process of evaporation to one-tenth 
may concentrate the original potency only two or three times and should therefore be declared 
wasteful, erratic and obsolete. It does of course concentrate tenfold the unused salts of 
the original medium and some of the unwanted by-products of bacterial growth, and 
may provide a final witches’ brew from which magnesium ammonium phosphate is liable 
to crystallize out on storage and necessitate a second clarification. 

I do not believe that there is anything in the brew which can be claimed to be desirable, 
apart from the residual tuberculoprotein, and if concentration of active principle is the only 
object of evaporation it is much easier and cleaner to run the bacterial filtrate through a 
collodion membrane leaving about a quarter behind, to assay this and dilute to match 
international standard. Even simpler is it to use an appropriate synthetic medium, determine 
the tuberculoprotein in the filtrate by chemical analysis and ultrafilter to desired final 
concentration. The ensuing biological assay then becomes a “formality” provided the 
strain of organism used is “‘fixed’’ and produces tuberculoprotein of known characteristics. 


It is also not always realized that the quantity of active principle, apart from its specific 
biological characteristics, depends a great deal on the strain of organism used, the nature 
of the medium, and precision in adjusting initial pH. Using B.A.I. medium containing 10°% 
of glycerol and 1-4°%% of asparagine, with B.A.[. strains D.T., P.N. and C., and starting at 
PH 6:8, it is quite easy to obtain a bacterial filtrate after eight weeks’ growth which yields 
0-7-1-2 grammes of active principle per litre, i.e. is about half international standard in 
potency without any further concentration. Using a synthetic medium containing only 
5% glycerol, less nitrogenous substrate, and less carefully selected strains, it is equally easy 
to end with less than one-third of the quantity of active principle. Add to this the obscure 
perils of evaporating to one-tenth volume on a steam bath in a current of warm air and it 
is not surprising that the B.P. states that “if the potency of the concentrate is less than that 
of the standard preparation it is rejected”. 

All these difficulties would be avoided if strain and medium were specified and more 
suitable methods of concentration adopted. So far as I know nobody has advocated simple 
ultrafiltration as a means of concentration and the arrival of P.P.D. tuberculins is enough to 
strangle the suggestion at birth except for any manufacturer who wishes to fake ostensible 
O.T. preparations, or any research worker who wishes to study the possible biological 
effects of ultrafiltrable by-products of bacterial growth. 

I, myself, see no sense in continued use by the medical profession of heat-concentrated 
tuberculins at all. The ‘‘Purified Protein Derivative’ types of tuberculin are cleaner, much 
cheaper to prepare “per tuberculin unit”, and much more easily standardized with a hich 
degree of precision. Provided there is no variation in the strain of organism used they can 
be issued on the basis of an accurate chemical analysis, or on a “weight-volume” basis at 
any desired potency. Occasional biological tests are then only necessary to guard against 
unexpected changes in character of laboratory strains of M. tuberculosis (highly unlikely if 
these are “‘fixed’’) either in respect of potency or specificity of the protein derivatie 
produced. 

(2) P.P.D. tuberculins.—In the British Pharmacopeeia and Pharmaceutical Codex de:- 
criptive matter, relating only to the hominis variety, no attempt is made to explain wh.t 
“Purified Protein Derivative” actually is, beyond stating that it is the “active principle \f 
old tuberculin”. One sincerely hopes that this is universally accepted as true, because t! ¢ 
case for adherence to “Old Tuberculin” by the medical profession in this country is then 
demolished at one blow. But it ignores the fact that the word “‘purified’’ is not the same : s 
“pure” and that even the best P.P.D. preparations on the market, of about 90% tubercul.- 
protein content, still contain appreciable quantities of polysaccharide and nucleic acid whic’ 
are not known to be concerned in the intradermal tuberculin reaction at all. These can t2 
removed and a product obtained which can be regarded as 99°% tuberculoprotein, but tl 2 
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cumbersome additional procedure is not justified commercially so long as their presence is 
not regarded as significant. They make no difference in the intradermal test although the 
pol, saccharide may be of significance when tuberculin is used as an antigen in the hemag- 
glutination test. 


Tne mode of preparation is referred to as a “complex process”, although almost the total 
wor'd production since 1943 has been by an exceedingly simple and cheap process. The 
statement that “when 5 mg. of the dry powder is dissolved in | ml. of a suitable buffer the 
potency of the solution is equivalent to that of the standard preparation of old tuberculin” 
is most misleading when it is not stated that such a preparation would still be two-thirds 
inert material. It should be stated that the simplest and cheapest method of preparation 
(the Weybridge technique) yields a product (of about 90% purity) such that 2 mg. per ml. 
matches international standard, and that the reserve standard P.P.D. prepared by Seibert 
in America (by an unnecessarily elaborate technique) for the World Health Organisation, 
but apparently never used by that body, was also of that potency. With her product prepared 
in small quantity as a reference stock, and our own issued in enormous quantities annually 
since 1943, one “tuberculin unit” is provided by 0-00002 mg. P.P.D. The low standard of 
the B.P. (0-00005 mg. per unit) has led to some confusion in the literature and products 
conforming to it hardly deserve the designation “purified” at all. What then is P.P.D. or 
what are P.P.D.s? The phrase was coined by Seibert in the late thirties for the hominis 
variety of a purified tuberculoprotein, or mixture of tuberculoproteins of similar nature 
which she has subsequently characterized more closely, but I myself, a few years later, 
extended the meaning to other acid-fasts, defined the P.P.D.s as the “‘water-soluble, non- 
heat-coagulable, low molecular weight protein fractions contained in the steamed culture 
filtrate, after growth of Mycobacterium tuberculosis or allied acid-fast organisms in a synthetic 
medium, approximately purified after precipitation by any protein precipitant subsequently 
easily removable”’, and drew attention to the specificity characteristics of protein derivatives 
of six different acid-fasts including M. tuberculosis, varieties hominis, bovis, BCG, and 
avin. 


The technique for production of “Weybridge P.P.D. tuberculins”, devised in 1939 and 
already in routine use since 1943, was published in The Veterinary Journal in September 
1946. It consists in growing fixed laboratory strains in synthetic medium for eight weeks in 
litre units, steaming to kill the organisms, filtering through paper pulp, precipitating the 
total protein directly from the clear filtrate with trichloracetic acid (thereby avoiding the 
denaturation and extravagant losses involved in preparatory heat concentration), washing 
the precipitate centrifugally with buffered water to remove the trichloracetic acid, and 
redissolving the wet sludge in phenolized buffer phosphate to provide a storage concentrate 
of which the protein content can be determined analytically. The concentrate is passed 
through a Sharples centrifuge to remove unwanted high molecular weight material and 
diluted to any desired issue strength with glycerinated phenolized buffer phosphate. After 
passing through Sterilmats the finished tuberculin is restandardized analytically and issued 
on the basis of mg. P.P.D. per ml. to an accuracy of 1 %. 


If wanted in the dry state the Sharples concentrate is reprecipitated with trichloracetic 
acid, washed aqueously, then once with acetone and finally several times with ether. On 
drying off the ether with appropriate stirring the P.P.D. is obtained as a fluffy buff-coloured 
powder easily soluble in alkalinized water. It can be obtained in somewhat less pure form 
by freeze-drying the wet protein, and in still purer form (99%) by interposing precipitations 
with metaphosphoric acid to remove residual polysaccharide and with ammonium sulphate 
to remove nucleic acid, before final washing and drying. 


Ordinary routine Weybridge issues now contain 2 mg. ordinary P.P.D. per ml. in the case 
of the hominis variety. This matches international standard, i.e. contains 100,000 “tuberculin 
units” per ml. Biological standardization is carried out on guinea-pigs (usually 12) sensitized 
with organisms homologous to those used in preparing the P.P.D., and is based upon the 
Stra‘ght line relationship between diameter of reaction and logarithm of concentration, 
bet een the limits of concentration which give reactions of appropriate character. In over 
eight years’ production on a very large scale, biological standardization has never once 
con radicted chemical standardization. A 12 guinea-pig test comparing known solutions of 
P.P D. and statistically analysed gives results lying between 80 and 130 of standard set as 
100 A 50 guinea-pig test brings the fiducial limits within +10°%. If several hundred guinea- 
oi — used the +1° accuracy of ordinary chemical standardization would doubtless be 
ach 'eved. 


SPECIFICITY OF TUBERCULINS AND OF PURIFIED PROTEIN DERIVATIVES 


lr medical practice infections with Mycobacterium tuberculosis are almost invariably of mam- 
ma’ an origin and infections with non-specific acid-fast organisms, which might confuse the 
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significance of the Mantoux test, are so rare that little attention has been paid to the spec ‘icity 
characteristics, as distinct from the potency, of the tuberculin used. In veterinary practice, sow- 
ever, the problem of avian tuberculosis in and from poultry has to be dealt with, and infe:tion 
of bovines with acid-fast organisms other than M. tuberculosis bovis, notably with aviur, and 
M. johnei is common. It is important to differentiate between them, and the present “S ngle 
Intradermal Comparative Test”, adopted for official use by the Ministry of Agr icu.ture, 
uses two tuberculins, mammalian and avian, injected simultaneously a few inches ‘part 
in the neck, in ar attempt to sort out cattle with “‘non-specific” infections which do not n atter 
from an economic point of view, or from that of human health, from bovine infections v hich 
induce progressive disease and which it is desired to eliminate. The method of interpret:tion 
is empirical and need not be detailed here, but it serves the purpose of reducing the nu nber 
of animals which would otherwise have to be removed from herds acceptable under the 
““Attested Herds Scheme”’, without jeopardizing the efficiency of the test in condemning 
genuine bovine reactors. . 


A tuberculin, or protein derivative of tuberculoprotein type, prepared from almost any 
Mycobacterium gives cross reactions on animals sensitized by almost any other, bui the 
degree of reaction is very different with the homologous and heterologous product and it 
is possible to assign a “specificity number” to each in relation to any type of infection. 
In coining the phrase “specificity number” I defined it as “the number of units of the 
heterologous protein derivative required to elicit the same intradermal reaction in infected 
guinea-pigs as one unit of the homologous protein derivative”. In the chart below, taken 
from the article on ‘“‘Weybridge P.P.D. Tuberculins” already mentioned, specificity numbers 
are indicated for a series of Purified Protein Derivatives from six different acid-fasts prepared 
at the Veterinary Laboratory of the Ministry of Agriculture in 1943. In preparing the data 
sensitizations were effected by infection with live organisms, simulating the natural disease, 
in the case of hominis, bovis, and avium. With the other three, non-pathogenic for the 
guinea-pig, sensitization was effected by injection of massive doses of organisms in oil. 


CHART OF SPECIFICITY FACTORS 


Type of P.P.D. 

Type of sensitization Human Bovine BCG Avian Johne Phlei 
Human... = a 1 4 2 20 30 150 
Bovine ae ae ei 1 1 2 40 30 150 
BCG ee a oe 1 4 1 20 30 150 
Avian am ee 3 20 40 40 1 3 100 
Johne ae a Px 10 10 10 3 1 50 
Phlei ay ae o 99 150 150 100 50 | 


These data are intended to be illustrative of the principle underlying the use of “‘specificity 
numbers” rather than to provide hard and fast figures, and they have to be interpreted with 
caution. They refer to “weight units” of particular dry powder P.P.D. preparations. The 
figure 20 for human P.P.D. on avian sensitized guinea-pigs, or 20 for avian P.P.D. on human 
sensitized guinea-pigs, refers to the particular P.P.D. powders used, and may vary with the 
preparation studied. Human P.P.D., so far as is known, is very constant in characteristics 
and in any case can be biologically standardized, in respect of potency on homologous 
sensitization, against an arbitrary accepted international standard. P.P.D.s from M. tuher- 
culosis avium, on the other hand, vary widely in characteristics with different strains and tere 
is no international standard of reference. The only standard is the Weybridge one, derived 
from a highly specific strain D4 and kept in dry powder form for future reference. If this, 
or any other suitable one, were accepted as an international standard by the veterinary 
standards committee of WHO it should be possible to express specificity numbers in terms 
of biological units independently of variation in characteristics of protein derivatives {rom 
various strains, or of nature of tuberculins of O.T. type. This should enable the “specificity” 
of any commercial tuberculin to be expressed independently of its “\potency”, and o! the 
weight of the supposedly active principle present. 


In medical literature one frequently finds the terms “‘specificity’’ and “potency” use i as 
if they meant the same thing and a particular product referred to as more specific v hen 
in reality it merely contains a greater quantity of active principle. Indeed much of the 
confusion concerning the relative merits of O.T. and P.P.D. tuberculins arises from this 
misunderstanding. It should be emphasized that the word “‘specificity’’ has no mea ing 
except in relation to infections with Mycobacteria heterologous to the variety from wich 
the tuberculin is made, and perhaps also in relation to the mode of sensitization of the 
guinea-pigs for test purposes. It would be quite easy to present a series of “‘tuberculins ’ in 
fluid form, specified only by number, which would appear identical when tested on a s' t of 
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guir'ea-pigs sensitized to hominis, by diameters of reaction in an intradermal test, but which 
woud be revealed as vastly different when tested homologously, each on guinea-pigs 
sens!tized to the strain from which it was derived. 


t might also be possible to present a series of tuberculins of different origin, the specificity 
numbers of which are different when tested on animals sensitized by infection and on animals 
sensitized by injection of dead organisms in oil. Certain observations at Weybridge have 
sugested this, although the data need further elucidation. The allergic status of an animal 
may well vary qualitatively as well as quantitatively according to the mode of sensitization 
adopted. Even with the same type of sensitization the relationship between diameter of 
reaction and logarithm of dose may only be linear within certain limits. To me, therefore, 
the logical method of assaying tuberculins is on homologous sensitizations gained, wherever 
possible, by infective processes and at a series of dilutions as near as possible to those likely 
to be used later in the diagnostic procedures for which the particular tuberculin is intended. 


In studying the tuberculoproteins of the Mycobacteria generally, or rather the protein 
fractions analogous to those in tuberculin, it is not possible to adopt natural infective 
processes to procure sensitization with non-pathogenic species such as M. phiei, and the 
phrase “specificity number” may therefore have a somewhat doubtful meaning when 
comparison is made between organisms pathogenic and non-pathogenic for the test animal 
concerned. 

Of recent years the method of sensitizing guinea-pigs with dead tubercle organisms in 
oil has come into vogue, and is, of course, very convenient since no progressive disease 
is induced and a large number of guinea-pigs can be sensitized at once and used at any 
required moment for a long time thereafter; and in some cases dead organisms heterologous 
to the tuberculin under test have been used. This is only legitimate for work on “specificity” 
if thorough comparison with sensitization by infection has previously been made. At present 
the convenient dead organism technique is used at Weybridge to compare “potency” of 
different batches of P.P.D. known to have been prepared in exactly the same way, human 
strain issue tuberculin against human strain reserve standard P.P.D. powder, or avian strain 
D4 issue tuberculin against reserve standard D4 P.P.D. powder, but where “‘specificity”’ is 
in doubt the test is made on guinea-pigs sensitized by infective processes. 


This point is important in veterinary usage, particularly in relation to the issue of 
“mammalian” and “avian” P.P.D. tuberculins for the “single intradermal comparative 
test’ of the Ministry of Agriculture, which relies upon the specificity characteristics of the 
diagnostic agents to sort out cattle which may safely be left in an attested herd from those 
which must be removed. Obviously an avian tuberculin of low specificity number would 
give entirely misleading results and be worse than useless. Whether the point, or indeed the 
whole question of “specificity” of tuberculins, is or is not of importance in medical usage 
it would seem at least of scientific interest to explore the possibility of using specific protein 
derivatives to identify a Mantoux positive as arising from a hominis infection or from an 
infection with one or other of the recently described ‘“‘skin tuberculosis’ types, such as 

the Bairnsdale bacillus Mycobacterium ulcerans. 


SUMMARY 
(1) A plea is put forward for abolition of the use of “Old Tuberculin” by the medical 
profession and substitution of “purified protein derivative’. In veterinary practice such 
substitution is making rapid headway. 


(2) P.P.D. of constant characters, containing about 90% of true tuberculo- gvetein in the 
dry state, is easily prepared by the very simple ““Weybridge technique”. Still higher purifi- 
cation can be accomplished if desired. As ordinarily made it has a potency such that a solution 
containing 2 mg. per ml. matches international standard Old Tuberculin, i.e. is equivalent 
to 190,000 units per ml. 


_ Solutions can be accurately standardized by chemical analysis and the wide variations 
inherent in ordinary biological standardization can be so avoided. Because of the high 
losses of active principle during heat concentration of media in which M. tuberculosis has 
been grown “P.P.D. Tuberculin” is much cheaper to manufacture than ‘“‘O.T.” 

(3) The specifications, both for old tuberculin and protein derivative tuberculin, in The 
Brit sh Pharmacopeeia and Pharmaceutical Codex are criticized. 

(4) The distinction between ‘“‘potency” and “specificity” is discussed and the meaning of 
the erm “specificity number” is explained. 

(S: The use of mammalian and avian P.P.D. tuberculins in differentiating specific from 


non specific infections in bovines, under the tuberculosis eradication scheme of the Ministry 
of Agriculture, is indicated. 


~~” 
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REsuME.—1. La vieille tuberculine devrait étre remplacée en pratique médicale par la tuberc: 
P.P.D. Ce remplacement fait déja des progrés rapides dans la pratique vétérinaire. 

2. Une P.P.D. présentant des caractéres constants, et contenant environ 90 % de véritable tuberc :lo- 
protéine a l'état sec, est facile 4 préparer par la technique trés simple suivie 4 Weybridge. Un : lus 
haut degré de purification peut étre obdtenu si on le désire. L’activité de cette P.P.D., préparée >ar 
la méthode ordinaire est telle,gu’une solution de 2 mg. par ml. correspond a I’étalon internationa: de 
vieille tuberculine, c’est-a-dire 100,000 unités par ml. 

Ces solutions peuvent étre titrées exactement par l’analyse chimique, qui évite les grandes variat:ons 
inhérentes au titrage biologique habituel. La préparation de la tuberculine P.P.D. est beauc »up 
moins coiiteuse que celle de la vieille tuberculine, 4 cause des fortes pertes de principe actif entraiiées 
par la concentration par la chaleur des milieux de culture du M. tuberculosis. 

3. L’auteur reléve les défauts des spécifications de la vieille tuberculine et de la tuberculine P.!’.D. 
dans la British Pharmacopeeia et dans le Pharmaceutical Codex. 

4. L’auteur étudie la différence entre I’“‘activité”’ et la “spécificité”’, et explique le terme “in tice 
de spécificité”’. 

5. L’emploi de tuberculines P.P.D. d’origine mammifére et avienne est recommandé pou: le 
diagnostic différentiel des infections spécifiques et non-spécifiques chez les bovidés sous l’égide de 
lorganisation pour l’éradication de la tuberculose du Ministére de l’Agriculture. 


ne 


Dr. A. A. Miles, National Institute for Medical Research, London: The Laboratory Assay 
of Tuberculin 

The potency of tuberculins is measured by a biological test in comparison with a standard 
preparation. The British Pharmacopceia 1948 recommends that 8 guinea-pigs sensitized by 
injection of living M. tuberculosis are tested on one flank with 5, 10 and 20 international 
units (i.u.) of Old Tuberculin in 0-2 ml. volumes, and on the other with concentrations of 
the unknown tuberculins, chosen so that the reactions they produce match those of the 
International Standard; both tuberculin and P.P.D. are measured in terms of this standard. 
The accuracy of this assay is difficult to estimate because it is required only that the unknown 
tuberculin shall be as potent as the Standard; and fiducial limits of error cannot be 
determined. 

Dr. D. A. Long, Dr. W. L. M. Perry and I have devised an assay in 8 guinea-pigs that 
does not depend on matching similar patterns of reactions produced by the standard and 
unknown tuberculins, and which yields a numerical estimate of potency and fiducial limits 
of error of the estimated potency. Wadley (1948, 1949) discovered that the diameter of the 
intradermal tuberculin reaction in certain areas of the skin of sensitized cows and guinea- 
pigs was directly proportional to the logarithm of the dose of tuberculin injected in a constant 
volume of liquid. We have confirmed this in guinea-pigs sensitized by 2 mg. wet weight of 
BCG three to six weeks previously; the skin of the trunk posterior to the shoulder blade, 
anterior to the knee-joint, excepting the thin skin on the ventral aspect of the belly, may be 
considered as uniformly sensitive to tuberculin; and the proportionality of log. dose and 
diameter holds for twenty-four hour lesions ranging from 7 to 25 mm. in diameter. Smaller 
lesions may be confused with non-specific inflammation, and the erythematous flare accom- 
panying larger lesions makes measurement difficult. Only the diameter is noted for the 
purpose of this assay: the intensity of the induration and the presence of central necrosis are 
irrelevant. : 

The linearity of the dosage-response line over this range holds for Old Tuberculin, the 
proposed Internationa! Standard preparation of P.P.D. made by Dr. F. Seibert, and Dr. 
J. Bretey’s [P48 fraction of the tubercle bacillus; and the siopes of the lines (in one experi- 

nent, respectively 3-5, 4:0 and 4:3) are similar. On the basis of these preliminary tests we 
assume the linearity of the response and perform a (2+-2) assay with a high and low dose of 
standard (S,; and S,) and a high and low dose of the unknown tuberculin (Uy and U;). 
The low doses are selected to give reactions at least 10 mm. in diameter, and the high doses 
are ten times stronger. Since the slope is about 4, the difference between the mean responses 
to high and low dose is about 4 mm. The four doses, Sy, S,, Uy, Uz, are partially randomized 
on each flank of 8 BCG-sensitized, depilated guinea-pigs and the lesion diameters measured 
after twenty-four hours. 

The analysis of variance of an assay of this kind (Table I) shows that the only signific.nt 
variance ratios (F) are “between animals’, and, as is to be expected, between doses. “he 
parallelism term is not significant, so that it is valid to fit the dosage-response lines of ‘wo 
preparations by a common regression line, and estimate the potency from the horizor tal 
distance between the two fitted lines (Fig. 1: cf. Long and Miles, 1950, Fig. 3). In this 
example, the solution of P.P.D. was equipotent with the solution of Old Tubercu in. 
It should be noted that though in this example there happens to be an almost perfect “*mat: 
of the S, and Uy, and of the S, and U, reactions, it is not necessary, as in methods tat 
depend on matching, to ensure by preliminary titrations that the unknown is equipot:nt 
with the standard in the concentration used. It is possible by a single test to assay an unknc wn 
whose real potency differs substantially from that of the standard. 
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TABLE I.—COMPARISON OF INTERNATIONAL STANDARD OLD TUBERCULIN WITH SEIBERT’S 
P.P.D. 


Guinea-pigs Sensitized with Killed ‘‘ Hominis” Vaccine in Liquid Paraffin 








Source of variation S.Sq. D.F. Mean Sq. F P 
Between animals .. me a 38-4492 7 5-4927 3-53 <0-01 
Between treatments = .. 305-9257 3 101-9752 65:59 <0-001 

Between substances .. ee 0-0351 1 0-0351 0-02 
Between doses .. os .. 301-8906 1 > 301-8906 194-18 <0-001 
Parallelism _ se we 4-0000 1 4-0000 2:57 >0-10 
Within treatments within animals 49-7500 32 1-5547 (error) 
Animal x Treatment Interaction 49-9649 21 2:3793 1:53 >0-10 


Total 444-0898 63 
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3 Fic. 1.—The results of the assay analysed in Table I. 
a) Parallel regression lines are fitted to the mean diameters 
2 p of lesions produced by the International Standard Old 
ere 6 Tuberculin (1.8.0.T.) (solid dots) and the preparation of 
o P.P.D. (open circles). 
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Since in the analysis of the assay differences in the slopes of the two dosage-response 
lines can be detected, the presence or absence of a difference can indicate whether Old 
Tuberculin, P.P.D. and other preparations of tuberculoprotein can in practice be considered 
similar; that is, whether it is statistically valid to measure the potency of one kind of 
preparation in terms of another. We have at the present time no right to assume the similarity 
in this sense of, e.g. Old Tuberculin and P.P.D. (The World Health Organisation has recog- 
nized the possible dissimilarity of the two and is creating a separate International Standard 
for P.P.D.) Dissimilarity, or heterogeneity of the standard or of the unknown preparations 
used in assay may be revealed by differences in the slope of the dosage-response lines or by 
differences in the ratio of potencies when the test animal is changed (as, for example, by 
sensitizing it with a different preparation of tubercle bacilli). If no such differences appear 
in assay, it is clearly practicable to assay one kind of tuberculoprotein in terms of another. 
The absence of evidence of heterogeneity, however, does not necessarily indicate similarity, 
and in such cases the possibility of invalid assays must always be borne in mind. 

We have tested the similarity of Old Tuberculin, Dr. Seibert’s P.P.D. and Dr. Bretey’s 
IP48 in this manner, using guinea-pigs sensitized by three different antigens—O-5 mg. dry 
we ght dead virulent human tubercle bacilli in paraffin, as used by Dr. H. H. Green at 
Weybridge; living, moderately virulent human tubercle bacilli, 0-25 mg. wet weight of 
Strain C.N.844, Wellcome Research Laboratory Collection; and 2 mg. wet weight of 
ECG. There were definite, though not always strong, indications of dissimilarity (Table I). 
In ‘he first place the estimated potency per mg. of the other two preparations, expressed in 
international units of Old Tuberculin, varied with the sensitizing agent. Thus the estimated 
potency of the P.P.D. was twice as great when the sensitizing agent was changed from 
BCG to living tubercle bacilli. Secondly, there was a suggestion that the slope changed 
“ity the sensitizing agert. Thirdly, with both the human sensitizing antigens, the slope 
of he IP48 differed significantly from that of Old Tuberculin. The BCG animals gave the 
mo t consistent assays, though the estimated potency was low. These results are compatible 
Wit) the speculation that BCG does not induce sensitivity to all the tuberculous allergens, 
anc that, compared with IP48, the International Standard of Old Tuberculin contains a 
tel: tively low proportion of the allergens to which the BCG-sensitized guinea-pig is in- 
Sen itive. 
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TABLE II].—AN Assay OF P.P.D. AND IP48 AGAINST INTERNATIONAL STANDARD OLD 
TUBERCULIN IN GUINEA-PIGS SENSITIZED By 


Dead tubercle bacilli —T.B./D. 
Living tubercle bacilli—T.B./L. 





Living BCG —BCG/L. 

Slope of Percentage 

common limits of 

Sensitizing Substance regression _ Parallelism Potency error 

agent assayed line (P) I.U./mg. (P=0-05) 
Tee .. ict P.P.D. 4-35 48,750 71-4-140-1 
IP48 4:94 <0-01 55,366 78-2-127-9 

TRA. -. ~. BPD. 5-45 81,800 79-9-125-2 
IP48 4-19 <0-01 57,438 73-8-135°5 

BCG/L. -« PPD. 3-73 35,000 71-5-139-9 
IP48 3-61 35,934 72-0-139-0 


But whatever the explanation, it is clear that current assays of one kind of tuberculin in 
terms of another are not necessarily valid, and that the results are not independent of the 
type of sensitizing agent, even among the available bovine or human types of antigen. 
Moreover, the influence of sensitizing agent in the guinea-pig throws doubt on the salety 
of assuming that potency in the guinea-pig necessarily reflects the diagnostic potency of a 
tuberculin in the human subject, who may be sensitized by natural infection or by BCG or 
allied immunizing agents. Among the diagnostic tuberculoproteins used in man, the range 
of the estimated potencies obtained from these various methods of assay may however be 
immaterial, because these reagents are commonly used in coarsely graded doses (cf. the 
tenfold differences in Mantoux test doses). 

But whatever the relevance of these discrepancies to the clinical problem, we contend 
that the assay we propose serves better than the usual routine assays, both for the estimation 
of potency ratios, and for discovering when potency estimations are not to be trusted. 


REFERENCES 
British Pharmacopeeia, 1948; Addendum 1951 to the British Pharmacopeeia 1948; London 
Lona, D. A., and Mires, A. A. (1950) Lancet (i), 492. 
Wab_ey, F. M. (1948) Biometrics, 4, 100. 
—— (1949) Amer. Rev. Tuberc., 60, 131. 


Summary.—Potency tests of diagnostic tuberculoproteins usually consist of finding concentrations 
of the preparation which produce in the sensitized guinea-pig tuberculin skin-reactions of the same 
size and intensity as those produced by a standard tuberculin. Preliminary titrations may be needed: 
and only the approximate error of the test can be determined. Taking advantage of the fact that the 
diameter of tuberculin lesions in the skin of the guinea-pig’s flank is proportional to the log. of the 
dose of tuberculin, a better potency test was devised which, without preliminary titrations, permits 
a direct comparison of potency of two tuberculoproteins, and an estimation of the fiducial limit: of 
error of the comparison. For a given number of guinea-pigs, the new test gives a great deal more 
information than the usual tests. 

From a consideration of the slope of the dosage-response line, and of changes in the estima ed 
potency of a preparation when the guinea-pigs are sensitized by different antigens (e.g. living or 
dead tubercle bacilli, or living BCG) it is possible to detect qualitative differences in, for examp!e, 
Old Tuberculin and P.P.D., and in the specificity of the sensitivity induced by various tuberculous 
antigens. Such differences may invalidate the assay of one kind of tuberculoprotein in terms of anoth:r. 


REsuME.—L’activité des tuberculo-protéines diagnostiques est généralement déterminée pa: la 
recherche de la concentration qui produit une réaction cutanée de méme grandeur et intensité . ue 
la réaction produite par une tuberculine étalon chez le cobaye sensibilisé. Des titrages prélimina ‘es 
peuvent étre nécessaires. Partant du fait que le diamétre des lésions tuberculiniques sur le flanc ‘u 
cobaye est proportionnel au logarithme de la dose de tuberculine, auteur a développé une meille re 
épreuve d’activité, qui permet de comparer directement, sans titrage préliminaire, l’activité de di. 1x 
tuberculo-protéines, et de déterminer les limites d’erreur fiducielles de cette comparaison. Pour :n 
nombre donné de cobayes, cette nouvelle méthode donne beaucoup plus d'information que es 
épreuves ordinaires. 

L’inclinaison de la ligne représentant la réaction par rapport a la dose et les variations de l’acti: 'té 
d’un produit selon l’antigéne employée pour la sensibilisation du cobaye (bacilles tuberculeux viva ‘ts 
ou morts, BCG vivant) permettent de constater d’une part des différences qualitatives ent, 
par exemple, la vieille tuberculine et la P.P.D., et, d’autre part, des différences de spécificité et de 
sensibilité suivant l'emploi des divers antigénes. Des variations de ce genre peuvent vicier l'e:.ai 
d’une tuberculo-protéine en fonction d’une autre. 
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Dr. J. Bretey, Institut Pasteur, Paris: New Methods of Purifying Tuberculin 


lany methods have been suggested for the purification of tuberculin. The best has so 
far seemed to be that of Long and Seibert for the preparation of P.P.D. This contains a 
lare proportion of bacillary proteins, but impurities are always present, and the authors 
ha\e been unable to eliminate them completely. 

Vork on the fractioning of this P.P.D. tuberculin has resulted in the isolation of two 
po ysaccharide fractions (I and IT) and three protein fractions, only two of which (A and B) 
have tuberculin activity, C being inactive. 

.part from fractions IT and C, which are of no interest from our present point of view, 
no fraction has been obtained in a pure state, as is well shown by the electrophoretic curves. 

With A. Lamensans, we have perfected a quite different technique of purification, which 
seems to us to have great advantages. 

The starting point is eight-week cultures on Sauton’s medium, sterilized by heating for 

an hour at 110° C. and filtered. When a precipitate is produced in these filtrates, brought to 
pH 4-4, all the tuberculin substances are carried with this precipitate by adsorption. We 
first used a benzoic acid precipitate, as Gough did in his similar experiments. Later we turned 
lin in to salicylic acid, which has very distinct advantages over benzoic acid. 
»f the It is dissolved to a concentration of 5° in the filtrate, and hydrochloric acid is added to 
tiven. make the pH 2-5-3-5. The salicylic precipitate containing the active principles is isolated 
safety by filtration, washed, dried, and finally treated with acetone, which both dissolves the 
rofa salicylic acid and precipitates the tuberculin substances. These are collected by centrifuging, 
‘G or washed several times in anhydrous acetone and dried ina vacuum. The powder thus obtained 
range is dissolved in distilled water, at a neutral reaction, and the tuberculin is precipitated by 
er be 96°, alcohol. After repeated washing with alcohol, and afterwards with anhydrous acetone, 
f the the precipitate is dried in a vacuum. This precipitate is “P48” tuberculin, which is in the 
form of a creamy white powder, soluble in water at a neutral reaction. Nearly 100 samples 
ntend of this tuberculin have been prepared, starting from 10 bovine and human strains, virulent 
ation or not. Their nitrogen contents differ very little, being between 8-5 and 9-5%, and their 
activities in cutaneous tests are perfectly comparable. 

This method therefore gives a more uniform product than the others, and its rapidity 
makes it possible to work in strictly aseptic conditions. It is therefore unnecessary to work 
with a refrigerator or to add antiseptics, and the whole preparation can be finished in a day. 
Moreover, the risk of denaturing the proteins is very much reduced. 

Biologically, this tuberculin gives reactions exactly similar to those given by Old Tuberculin, 
taking the form of sharply circumscribed oedema, accompanied by erythema of approxi- 
mately the same diameter. Reading the results is possible without any ambiguity. The 
activity of this tuberculin is such that one international unit corresponds practically to 
ations 0:000020 mg. 


same Starting from this product, we have, with A. Lamensans and P. Grabar, made attempts 

ecied: to purify it, and have obtained various fractions, two of which are especially interesting. 

at the Tuberculin [P48 is treated with 90° phenol. In this way a soluble part and an insoluble 

of the part are obtained. 

it vr rhe insoluble part, St, consisting mainly of polysaccharides, also contains nucleic acids 

mone as impurities. This unpurified fraction has infinitely less tuberculin activity than the 
soluble fraction. Whether purified or not, it constitutes the specific antigen of the hem- 

nated agzlutination reaction in tuberculosis, described by Dubos and Middlebrook. The further 

ng or purification of this St fraction has been carried out by P. Grabar. He was able to obtain a 

mple, product containing 0-42°% nitrogen, and perfectly homogeneous on electrophoresis. 

ulous Electrophoretic analysis, a study of the adsorption spectra in the ultraviolet range, and 

other. . mical investigation have made it possible to follow the course of the purification of this 
raction. 

e 2 The part which is soluble in phenol is fractioned by alcohol. The precipitates obtained with 


tend in reasing quantities of alcohol are isolated by centrifuging, washed several times in anhydrous 


nc du al ohol, and finally dried in a vacuum. In this way we have obtained fractions corresponding 
Ile ‘re to concentrations of alcohol ranging from 9 to 72%. The most interesting of these, the 
deux Pt fraction, consisting of tuberculin proteins, is obtained when the concentration of alcohol 
ur in exveeds 34%. 

ilies t contains from 14-3 to 14-7% of nitrogen, and does not give the reactions for sugars. 
ee O: electrophoresis it appears to be homogeneous, but the diagram spreads, which suggests 
x ne po'ydispersion. This hypothesis was confirmed by ultrafiltration through a membrane 
perio wi ich allowed the passage of fairly small molecules only. 

et de This fraction is biologically very active, for the international unit corresponds to 
Pes .ai 0000125 mg. of the powder. It does not sensitize guinea-pigs even after seven injections 


of )-01 mg., and the same thing has been found to apply to man. 
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The reactions are absolutely specific, and have all the characteristics of those proc iced 
by Old Tuberculin. If large doses are injected, the reactions cause much less prurit. s or 
pain than those produced by equivalent doses of P.P.D., and they seldom become vesic ilar. 
The Pt fraction is completely inactive when used as antigen in the hemagglutination reac ion, 

It therefore has very constant chemical properties, even when different strains are ised 
as the starting point. It produces biological reactions much more like those given by Old 
Tuberculin than do other purified tuberculins. We attribute this to the fact that the tech: ique 
used causes little change in the active substances, and isolates them in a form approa: hing 
their natural state. 


REsumE.—Pourquoi il est nécessaire de ne pas se contenter de la vieille tuberculine, mas de 
recourir a des préparations purifiées. 

Les principales techniques proposées pour arriver a une tuberculine purifiée. 

Jusqu’a ces derniéres années, la préparation qui a été la plus utilisée est la P.P.D. (Purified Protein 
Derivative) de Long et Seibert. Son mode de préparation comporte une longue ultrafiltration ditticile 
a mener stérilement et surtout un risque de dénaturation. 

Les travaux de fractionnement faits a partir du produit n’ont jamais permis d’arriver a des fractions 
protidiques pures. 

Inconvénients de son action biologique: 

—irrégularité des réactions chez certains sujets, 
—difficulté d’apprécier les réactions. 

La tuberculine nouvelle dont nous préconisons I’emploi (Tuberculine IP48 de I’Institut Pasteur), 

Son mode de préparation inspiré des travaux de Gough: adsorption par un précipité cristallin, 
suivie d’une précipitation alcoolique et de plusieurs lavages. 

Avantages de ce procédé: rapidité et conditions d’asepsie rigoureuses, ne nécessitant pas 
l’adjonction d’antiseptiques. 

Risque de dénaturation trés réduit. 

Action biologique: réactions comparables a celles de la vieille tuberculine. Proportionnalité 
entre le poids d’azote et l’activité. 

Fractionnement de la Tuberculine IP48. I1 est effectué par le phénol avec précipitation alcoolique. 

Il permet d’obtenir 2 fractions particuli¢rement intéressantes: 

1) fraction St polysaccharidique (contient en outre les acides nucléiques). 
La purification de cette fraction par électrodialyse au point isoélectrique de Il acide 
nucléique, a permis d’obtenir la fraction polyosidique avec un taux d’acides nucléiques 
inférieur a 0,5 %. 
Cette fraction St purifiée ou non, constitue l’antigéne spécifique de la réaction d’hémagglu- 
tination dans la tuberculose préconisée par Dubos et Middlebrook. 

2) fraction TP (tuberculoprotidique) constituée par les protéines tuberculiniques obtenues a 
l'état pur, car l’électrophorése montre que ce produit est homogéne. 

Elle présente le caractére remarquable d’avoir une composition constante (poids d’Azote = 14,5%, 
a 0,2% prés) quelle que soit la souche et le type humain ou bovin de celle-ci. 

Son action biologique absolument comparable a celle de l’IP48. 

Cette fraction TP remplit donc les conditions idéales, du fait de la constance de ses caractéres 
chimiques et de son action biologique, pour constituer un excellent étalon de tuberculine purifice. 
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President—KENNETH H. TALLERMAN, M.C., M.A., M.D., F.R.C.P. 


[April 27, 1951] 


DISCUSSION ON THE TREATMENT OF CONGENITAL HYPERTROPHIC 
PYLORIC STENOSIS 


The President: Infantile hypertrophic pyloric stenosis is a common disease—occurring once in 
approximately 250 live births, and as its treatment is still controversial it is surely a matter well 
worth further discussion. 

Until the close of 1944 I, myself, had always regarded the treatment of infantile hypertrophic 
pyloric stenosis as essentially surgical, and just before the last war I published a report-of a series 
of 102 cases, 98 of which had been submitted to operation (Tallerman, 1938). With the exception 
of three or four, all of these 98 cases had been operated on by one or the other of my colleagues, 
Sir James Walton or Mr. David Levi; the mortality in this series was 14%. This mortality rate was 
about the same as that of other large series of cases reported at that time. If one adds to my series 
of 98 (1938), the 209 cases reported by Thompson and Gaisford (1935), and the 303 recorded by 
Jewesbury and Page (1937). a total of 610 cases treated surgically is obtained, of which the mortality 
was 13-4°%. Certainly since then there have appeared reports in which the mortality of cases operated 
on is far lower. In a recent paper, Grimes, Bell, and Olney (1950) of California state that between 
1930 and 1950, 113 patients suffering from this condition were operated upon without. a fatality; 
in 81° a tumour had been felt. In this country Levi (1941) has also published a series of 100 
consecutive cases occurring in breast-fed infants who were operated on without a single death. On 
the other hand, in the same paper he records a mortality of approximately 11% of 46 artificially fed 
infants submitted to operation on account of this disease, and he quite rightly stresses the important 
influence of breast feeding on the prognosis. 

We have, however, always to reckon with infants suffering from pyloric stenosis who happen to 
be artificially fed, and as this disorder is so common it seems to me to be a mistake to fix attention 
too closely on the results obtained by any particular surgeon in any particular centre, where special 
skill, experience and facilities all combine to produce particularly good results. I believe that a general 
survey of the surgical treatment of pyloric stenosis in this country would reveal the fact that a mortality 
rate of about 15% at various centres was not uncommonly high. What seems to me to be striking is 
the lower mortality rates reported even many years ago in a large series of cases treated by medical 
means alone. For example, Faxén (1933), without mentioning diagnostic criteria, reported 126 
cases with a mortality rate of 5-5°%. Exactly the same mortality occurred among 179 cases recorded 
by Svensgaard in 1935 (a pyloric tumour being felt in 87%), and it was the publication in this country 
of her paper that gave an impetus to the use of Eumydrin (a proprietary preparation of atropine 
methylnitrate), and the medical treatment over here of pyloric stenosis in infancy. Further reports 
on the treatment of this disorder by medical means alone have since been published, and the literature 
on this whole subject is very considerable. 

Since the autumn of 1945, I have deliberately set out to treat every case of pyloric stenosis by medical 
means. If the patient has failed to respond satisfactorily and symptoms have persisted I have then 
resorted to surgical treatment. In order to ensure that an infant is not in poor condition and therefore 
a bad operative risk I am, generally speaking, in favour of seeking surgical help if there is still vomiting 
and failure to gain weight after about seventy-two hours from the beginning of treatment. 

Atropine methylnitrate is given either as lamella, in aqueous solution, or in a 0-6% alcoholic 
solution; in addition stomach washing with saline is carried out, twice daily as a rule for the first 
three or four days, and saline is given subcutaneously if there is any evidence of dehydration. The 
feeding régime is also suitably adjusted as may be necessary. 

The cases on which I now wish to comment comprise a series of 67 treated in this fashion; they all 
occurred between November 1, 1945, and October 31, 1950, and 6 of them died. In only one of these 
cascs was a pyloric mass not felt on some occasion while the child was under treatment, and in this 
patient, who actually came eventually to operation, the diagnosis was confirmed at that time. In 
all other patients operated upon, the diagnosis was also then confirmed in every case. In 5 cases, 
although a pyloric mass was felt, visible peristalsis was not observed. Now.of these 67 patients, 41 
(61 4) were treated medically throughout with a satisfactory result in 40 cases. Of these, 4 were never 
admitted to hospital. 26 patients (39%) were submitted to operation owing to their failure to respond 
satisfactorily to medical treatment alone. This may have been because the dose of atropine methyl- 
nitrite was not pushed sufficiently. Looking back on this series I regard 5 of the 26 cases who were 
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operated on as having received too small a dose of atropine methylnitrate during their period of 
medical treatment. I now use a 0-6% alcoholic solution of this drug, and consider that nothing less 
than 15 drops daily, given in divided doses before each feed, is adequate, and that if a satisfac tory 
response is not obtained this should be rapidly increased to 25 drops. That is to say, 1/50 of a grain 
of the drug daily is the minimum dose which should be prescribed. I suspect that disappointing results 
of this treatment have sometimes been due to a failure to push the drug sufficiently. 

What seems to be impressive about this series of cases is the fact that of the total number nearly 
two-thirds responded satisfactorily without being submitted to operation. Still more important is 
the fact that, while of the 41 treated medically only | died, of the 26 operated on no less than 5 died: 
a mortality rate of approximately 23% against 19°%. Now it may be argued that those who required 
operation were more seriously ill and in worse condition than those who were not operated upon. 
I am not sure of this, though [ admit that of the 26 cases operated on 11 were recorded on admission 
as being in poor general condition, while of the 41 cases treated by medical measures throughout, 
the condition of 6 was recorded as being poor. Judged on a weight basis, the infants operated on did 
not seem to have deteriorated between the time of admission and the day of resorting to operation, 
as their average loss in weight was little more than half an ounce during this period of treatment. 
In regard to the infant treated medically who died, he was in hospital] for two weeks, but after discharge 
unfortunately failed to receive atropine methylnitrate at home. He was subsequently readmitted to 
hospital in poor condition and died of gastro-enteritis. 

No child over 2 months of age at the time of admission required operation, and, with one exception, 
all those operated on had presented symptoms for a period of no longer than a month, the average 
(excluding this one exception) being thirteen days. This may, perhaps, be thought to indicate that 
patients in whom symptoms have persisted for some time and who are first seen at 5 or 6 weeks of 
age are those in whom the condition is more amenable to pure medical treatment; this, however, 
is rather speculative, for in those of this series who required medical treatment alone the average 
duration of symptoms was nineteen days, which was only six days longer than the average of those 
who came to operation. 

One thing is quite clear, and that is that approximately two-thirds of all cases responded satisfactorily 
to medical treatment alone, and that the difference in mortality between those so treated and those 
surgically treated is most striking. 

In these circumstances surely it is wise to give an infant the benefit of medical treatment in the 
first instance provided surgical aid is sought if he fails to respond readily to medical treatment alone. 
It has been argued that medical treatment entails a long period as an in-patient, with the consequent 
risk of cross-infection. This is not so, and some infants can be treated as out-patients without being 
admitted to hospital at all; others, after a short period of in-patient treatment, can be discharged 
from hospital and attend as out-patients. In this series the average duration of stay in hospital was 
thirteen days for those who were operated on and twenty days for those treated exclusively by medical 
means, a difference of only seven days. In assessing these figures the cases treated entirely as out- 
patients have, of course, been excluded (see Table I). It should be possible to reduce still further the 


TABLE I 
HYPERTROPHIC PYLORIC STENOSIS OF INFANTS 
67 cases (during the five-year period 1.11.45 to 31.10.50) 
6 deaths (9% mortality) 
{ 41 treated by medical means alone (61%) 


1 death (2-5% mortality) 
Of these 67 cases 4 26 treated surgically (39%) : 
5 deaths (19% mortality) 


AVERAGE LENGTH OF STAY IN HOSPITAL 


37 cases treated medically as in-patients és — 20 days 

26 cases treated surgically as in-patients a2 oe 13 days 

4 cases were treated medically without ever being admitted to 
hospital. 


(It is realised that percentages may be misleading when so few cases are involved, but they are given simply 
as a convenient basis of comparison with other results.) 


period of hospital treatment, and it is our aim to do so. Of the infants in this series treated 
medically nearly two-thirds were artificially fed; of those treated surgically, the numbers breast-fed 
and artificially fed were about equal, but all those who died after operation had been fed artificially. 

Apart altogether from the published evidence of the efficiency of medical treatment, support for 
which is also to be found in this present series, there seems to be another way of viewing the matter. 
No one, I hope, regards congenital pyloric stenosis as a true surgical emergency, and all would surely 
agree as to the importance of preoperative preparation of the patient destined for surgical treatment: 
the use of gastric lavage, administration of subcutaneous saline when necessary, and careful feeding. 
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Wh, not then during this preoperative period of two to three days also prescribe atropine methyl- 
nitrate in adequate doses before each feed? If symptoms cease and the infant gains weight he can 
usually be discharged in a short time from hospital, and continue treatment as an out-patient. If 
he iails to respond he can and should then bé operated on without delay. If this line is adopted, 
rouzhly two-thirds will escape what is a major abdominal operation, associated with a far from 
negligible mortalicy. 

It is quite erroneous to state that the treatment of congenital pyloric stenosis is necessarily either 
purely medical or purely surgical. Some medical treatment is always necessary, and surgical inter- 
vention may subsequently be required. 

[ should like to thank those of my colleagues who have allowed me to include in this series patients 
that were under their care, and particularly Dr. Nauth-Misir for his assistance. I am also indebted 
to Dr. H. G. Dunn for helping to assemble the data for this paper. 


REFERENCES 
FAXEN, M. (1932-33) Acta Pediatr., 14, 388. 
Grimes, O. F., BELL, H. G., and OLNey, M. B. (1950) J. Pediat., 37, 522. 
Jewessury, R. C., and Pace, C. M. (1937) St. Thom. Hosp. Rep. (2nd Ser.), 2, 141. 
Levi, D. (1941) Brit. med. J. (i), 963. 
SVENSGAARD, E. (1935) Arch. Dis. Childh., 10, 443. 
TALLERMAN, K. H. (1938) J. Pediat., 13, 787. 
THOMPSON, W. A., and GAIsFoRD, W. F. (1935) Brit. med. J. (ii), 1037. 


Mr. Denis Browne: To reduce the mortality of pyloric stenosis to the minimum the important 
cases to consider are the very ill babies. These need a full feed with the least possible delay, which 
can only be assured by operation. Like all starved patients they take general anesthetics badly, and 
so benefit by the use of local anesthesia instead. It appears to me reasonable to attain proficiency in 
the far from easy technique most suitable to the weakest by applying it to all cases, including the 
strongest. I think the advantages of local anesthesia are obscured in statistics by its reservation for 
the weakest babies, and its use on them by surgeons who are not familiar with it. 


TECHNIQUE OF RAMSTEDT’S OPERATION UNDER LOCAL ANAESTHESIA 

(1) Preoperative treatment.—A valuable temporary improvement can be gained by giving food and 
fluid intravenously, washing the debris of previous feeds out of the stomach, and getting the blood 
chlorides as near normal as possible. 

(2) Premedication—Two grains of chloral two hours before operation. 

(3) Fixation —A padded wooden frame or “‘crucifix”’ keeps the baby still and warm. 

(4) The anesthetic—0-5°% novocain with adrenaline, from a freshly opened bottle made up by 
one of the great wholesale firms. It is safe to use up to 15 c.c. 

(5) The area injected should be that shown in Fig. 1. Skin and muscles should be injected separately. 
Five minutes is allowed for the solution to act before making the incision. 

(6) The incision —A vertical split of the right rectus, exposing the liver only. 

(7) The “bootlace stitch’.—The reason why surgeons give up operations under local anesthetic 
is usually one: the difficulty of closing the peritoneum. It is easiest to put in a stitch for this before 
the child has been annoyed by the dragging out of its stomach. Fig. 2 shows how this can be done 
as soon as the peritoneum is opened. This stitch must be tightened at the end of the operation loop 
by loop, picking them up in succession by forceps. 
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Fic. 1.— Diagram of 
infiltration and _ incision. 








Fic. 2.—Insertion of 
“*boot-lace stitch”. A, The 
stitches being inserted, 
each one being looped 
round an artery forceps 
gripping the lower angle 
of the wound. B, Appear- 
ance when the artery 
forceps has been removed 
after the replacing of the 
stomach in the abdomen. 
C, Appearance after the 
stitches have been tight- 
ened up, each one separ- 
ately. The first stitch 
should have been tied first. 
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(8) Deflating the stomach.—The occasional baby who struggles when the anesthetic is pronerly 
given does so, not because he is feeling pain, but because his stomach is uncomfortably distended 
with air. Many of these babies have the trick of swallowing air, and some of them in this way get 
up an almost incredible pressure; I have seen the stomach fly out of the incision like an inner ‘ube 
out of a burst motor tyre. In consequence, there should always be a stomach tube ready, with someore 
capable of passing it; and it should be used without delay if the stomach is felt to be unduly full. 
Inflation beyond a certain degree also makes it very hard to bring the stomach out through a small 
incision. 

(9) Finding the pylorus.—The pyloric tumour cannot be picked up directly through the incision 
recommended. The liver should be pulled upward with the left forefinger, and the stomach will often 
then appear under its edge, when it can be picked up by that instrument with a blunt overlapping 
grip known as my tonsil-holding forceps. If the stomach does not appear, it is easy to find the 
omentum, if necessary by pushing into the abdomen a piece of gauze, to which it will invariably adhere. 
The omentum pulls up the colon, the colon the stomach, and the stomach the pylorus. 

(10) Incision of the pylorus.—This incision should begin about a $ cm. short of the junction of the 
duodenum with the pylorus, and run in a slight curve well up on to the stomach wall. Most illustrations 
give the idea of too short and straight an incision; and it is important that the muscle towards the 
point at which perforation is liable to occur, the ‘“‘zone of adhesion” at the duodenal junction, should 
be torn apart and not cut. Not everyone has studied the anatomy enough to realize that perforation 
occurs very superficially, at the end of the fornix round the cervix-like protrusion of the pylorus, and 
not in the depths of the incision. 

(11) Dividing the muscle.—This is begun by a semi-sharp dissector, and continued by tearing apart 
the edges of the wound. My instrument for this has semi-sharp out-turned points that dig into the 
thick muscular edges. 

The sign of complete division is the paradoxical one that the bore of the released mucosa suddenly 
narrows, thus showing that the ‘“‘cervix”’ has been reached. A width of at least half an inch of mucosa 
must be exposed in the centre of the incision (Figs. 3 and 4). 








Fic. 3.—Splitting of the Fic. 4.—Diagram to show A, The “zone of constriction” 
pyloric muscle. of the mucosa which is the sign the pylorus is freed, and 
B, The “‘zone of adhesion” at which perforation is likely. 


(12) Controlling the escape of small intestine.—On returning the stomach the omentum should be 
grasped in artery forceps and thrust downwards into the abdomen. This pulls down the transverse 
colon and so controls the coils below it. 

(13) Suturing —Peritoneum and muscles are sewn up separately by catgut; the skin by interrupted 
silk sutures. A tight adhesive dressing is put over the wound and two-thirds of the way round the 
body, being left untouched for eight days. A slight discharge through the adhesive is an indication jor 
leaving it on rather than taking it off. 

An objection sometimes made is that operation under local anesthesia takes too long. On tvo 
occasions I have done a list of 4 cases in succession, and in each the 4 were complete in almost exactly 
two hours. How much less time would have been occupied with a similar list done under general 
anesthesia seems to me of very little importance. 

RESULTS 


In 407 successive unselected cases done by this method during 1943-45 at The Hospital for Sick 
Children, the mortality remained curiously steady at 2%. All the others left hospital with the 
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stiches out, gaining weight, and on full feeds. There was no operative mortality, and the ones who 





































































ronerly 
tended died suffered from a variety of handicaps besides the pyloric block. It would have been possible to 
vay get select a series of 100 cases with 100 recoveries, but that is not the same thing as a 100% recovery 
er ‘ube rate. Those who have no mortality in this condition must enjoy a curious freedom from cases 
meore complicated by such conditions as pneumonia, enteritis, abscesses, or congenital defects. 
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ll often Mr. David Levi [Abstract]: Success in the surgery of infancy, and especially in pyloric stenosis, 
apping depends upon meticulous attention to detail from the moment the baby leaves its mother to the time 
nd the when it is returned to her. 

adhere. The safest place for any baby is at home in its own mother’s care, provided that the mother is 


possessed of average intelligence. The most dangerous place for a baby may be with other sick babies 
of the in a ward. 


rations These dangers can be minimized by building a hospital or accommodation in a hospital specially 
rds the for babies, and secondly by training the nursing staff, resident staff and the wardmaids in the care of 
should infants. The problem is to keep the baby free from intercurrent infection and to guard it from ignorant 
ration and callous nursing. 


is,and § Breast-fed babies should be admitted to separate rooms with their mothers. A bottle-fed baby should 
have a room to itself. 


zy apart The ward kitchen should be well away from the sluice and bathroom; at opposite ends of the 
ito the corridor, if there is one. Both ward kitchen and sluice room should be provided with a sterilizer. 

When the feeding utensils are washed, they should be put straight into a sterilizer and boiled. The 
ddenly same procedure should be applied to the toilet requisites in the sluice room which must contain 
quCcOsa a sterilizer. 


Attention must be paid to the sterilizing of all bedding and blankets, each time the rooms are 
occupied, and precaution must be taken not to raise dust when the floors are swept. Some form of 
suction cleaner or oiling the floors answers this purpose. All visitors to the rooms should be banned. 
Only those who have some duty to perform should be allowed. 

Great stress should be laid upon the importance of all staff, wardmaids included, reporting 
immediately if they feel ill and anyone with a loose bowel action, abdominal pain, a sore throat, a 
mild cold, a septic finger, should not do duty on the babies’ floor. The newcomers, especially, should 
be requested to report symptoms before going on duty. 

All entering the babies’ abode should be masked to prevent droplet infection. Porters and ward- 
maids are sometimes overlooked in this connexion. Highly trained skilled nursing is an essential. 

An untrained but well-meaning probationer can infect an ill baby in a few moments by doing 
unthinking things which are done every day with impunity at home to well babies. She may, for 
instance, change the child, put the teat on its bottle, and feed it without washing her hands. 

Changing the baby should be performed by a specially gowned masked nurse. The necessary utensils 
should be sterilized and laid on a tray. The disposal of the soiled square is important. It should not 
be washed by the nurses, but placed in a covered receptacle and washed by laundry maids, and 
sterilized in a special laundry right away from the infants. 

The infant should not be fed by the nurse at the time she changes it, but the nurse should leave 
the room with the soiled tray and change her gown. When the baby is fed, the hands of the person 
feeding it should be washed immediately beforehand and the sterilized teat should not be touched 
unless the hands are surgically clean. Each infant should have its own thermometer kept in its room. 
Dees Breast-fed babies are not nearly so liable to contract gastro-enteritis and it is much safer to admit 
get a breast-fed child and its mother than it is to admit a bottle-fed infant. 

d, an [f all these facilities are not available there are several compromises which might be considered. 


likely. The baby may be made the personal responsibility of a sister or nurse who should “‘special”’ it. 
uld be If the baby has to be admitted to a ward its cot should be placed between that of two older children 
sverse or between two adults. The children should not be infectious or have running ears. A number of 
babies should not be admitted to the same ward. Nor should one baby be placed next to another. 
‘upted The nurse who attends to the infants should not wash their soiled napkins. 
id the [t is my practice to treat hypertrophic pyloric stenosis as an urgent surgical condition, and to operate 
on for upon such children as soon as the condition has been diagnosed. The only pre-operative preparation 
given is a stomach wash-out. This is to remove decomposing stomach contents and to remove the air. 
in tvo _ The operation should be performed using 10 c.c. of 0-5 procaine solution for anesthesia. This is 
xactly important in ensuring a speedy post-operative convalescence. Jt enables the child to be fed by the 
eneral mouth three hours after operation and it enables the surgeon to abolish from his mind all consideration 
of intravenous therapy. 
Standardization can only be achieved by mouth feeding which is the most satisfactory and safest 
6 Sick method of restoring fluid protein and electrolyte loss yet known. 





h the A film demonstrating the operative technique was then shown. 
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There have been no deaths from hypertrophic pyloric stenosis or its complications in a serie 
125 consecutive patients. One child admitted with staphylococcal osteomyelitis of the facial bo:.2s, 
also suffering from pyloric stenosis, was operated upon and died fourteen days later. Post-mor:em 
revealed a cerebral abscess, lung abscesses and abscesses in the kidneys. Of the 125 patients. 75 
came from the Westminster Children’s Hospital from the date of reopening in 1947 to date, anc 50 
were from the Luton Children’s Hospital, treated from 1940-1951. 

I should like to make a plea on behalf of those babies who are coming into this world to suffer from 
pyloric stenosis to ask for early diagnosis and treatment, and also to express a hope that more babies 
will be breast fed and that their attendants will wash and be clean. 


Dr. N. M. Jacoby: The treatment of pyloric stenosis was discussed by this Section in 1941 (Proc. 
R. Soc. Med., 35, 49) and opinion then was generally in favour of surgery. Probably much the same 
holds good to-day. Nobody would deny that cases can be cured medically, but the objection is that 
there may be failures, and subsequent operation has a higher risk than if it were done earlier. Thus 
the advocates of surgery advise operation in all cases. This seems to ignore the fact that operation is 
not entirely devoid of risk, and that many parents do not like operations. Personally I do not advise 
treating all cases medically, because as a universal treatment I think it increases the risk, and nowadays 
mortality rate should be very low; but it is possible to recognize clinically cases where medical treat- 
ment will almost certainly succeed, and even if it should fail, operation will not carry an increased 
risk. I hope to show that, in this type of medical treatment, cure is just as rapid as surgery and that 
hospital accommodation is needed for an even shorter period (Fig. 1). The cases not selected for 
medical treatment are operated on immediately, though I know that some could be cured medically. 
I am'not prepared to run the risk of finding out which they are. 
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Selection of cases for treatment is according to the following criteria:— 


SURGICAL TREATMENT MEDICAL TREATMENT 
(1) Vomiting beginning in the second week (1) Vomiting beginning in the fourth week 
or earlier. or later. 
(2) Severe dehydration. (2) Vomiting continuous for three weeks or 
(3) Hematemesis. more before the infant is first seen, pro- 
(4) Infant below its birth weight. vided it is not severely dehydrated. 


Usually the line of treatment is clear, but some cases fall partly into both groups. Here clinical 
judgment must decide, and if in doubt it is probably wisest to operate. 


TREATMENT OF MEDICAL CASES RESULTS 
Feed.—Breast milk or artificial feed 20 Total cases 120 (102 males, 18 females) 
calories per oz. Medical treatment Be 61 cases 51° 
Amount.—Under 64 1b. 1 oz. four-hourly. Surgical treatment <i ” « 49° 
Over 64 Ib. 14 oz. Increase feed by 4 oz. Failed medical . S. « 6°5 
every twenty-four hours. Surgical + Failed medical ee 52-5 
Method.—Feed in cot for first five days. Medical cases treated at home os 15 
Atropine methylnitrate 1/100 grain before Medical cases failed at home, responded 
alternate feeds. (Lamelle (Savory & in hospital .. 
Moore) or 0°6%, alcoholic solution.) Medical cases failed at home. Operation | 
No parenteral fluids and no stomach wash- Deaths . “ a ; .. None 
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Vith this treatment vomiting usually stops immediately, and in successful cases never returns. 
Fa‘iure is recognized by a return of serious vomiting on the third to fifth day, whereupon operation 
should be undertaken immediately. It should be noted that as no stomach washouts or parenteral 
hy ‘ration is used, there is no need for skilled nursing or hospitalization. ‘Provided the mother is 
reasonably capable the infant can be treated at home. 


TREATMENT OF SURGICAL CASES 
in this series almost all cases were treated by the Levi method, with immediate operation under 
local anesthesia and without pre-operative hydration except in the severest cases. In the post-operative 
treatment I have now abandoned all charts and routines. Each case is judged on its merits. In general, 
feeding starts four hours after operation, and full fluid intake is reached eight hours later. Full caloric 
intake is reached in from one to seven days according to estimated loss of tolerance for food. If the 
infant is artificially fed I use half-cream dried milk. 


Dr. George Davison quoted as his authority a consecutive series of 1,100 cases of pyloric stenosis 
treated in Newcastle upon Tyne between September 1925 and April 1951. Of the first 200, treated 
between September 1925 and January 1936, 55 died (27-5°%); out of the last 900 there were 42 deaths 
(4-7°%). More than half of the cases had been supervised personally. In a disease in which the 
mortality is low great care must be taken in interpreting statistics, and conclusions should not be 
drawn from small series, nor from numbers of consecutive cases without deaths. Thus, in the Newcastle 
series, deaths in the last five consecutive hundreds were 1, 6, 2, 3 and 3. It would be true, but mis- 
leading, to state that between April 1948 and September 1949, 132 consecutive cases were treated 
without a death, while 226 consecutive Ramstedt operations were performed without a death between 
December 1947 and January 1950. The true state of affairs is represented by the average mortality 
of 30% (+ 1-5%) over the last 500 cases. 

While the mortality in other large pediatric centres is probably similar to that in Newcastle, the 
same cannot be said for the country as a whole. Assuming an incidence of 3 to 4 per 1,000 live births 
it can be calculated that, as there were 679,937 live births in England and Wales in 1945, there must 
have been 2,000 to 2,700 cases of pyloric stenosis. Of these 286 died, giving a mortality of 10-6% to 
14-3°%. The mortality outside the larger centres may well be 15% to 20%. Our first step to lower the 
mortality of pyloric stenosis should therefore be to ensure that all cases come into the hands of those 
expert in their treatment, whether this skill lies in medical or surgical treatment, or in a combination 
of both. 

Out of the last 15 deaths in the Newcastle series 2 were considered inevitable in view of other 
deformities, | was not understood, 1 was a direct result of operation, 1 was from ward infection; 
the remaining 10 died because diagnosis had been delayed too long, 4 dying within a few hours of 
admission. The most important step which will lead to lowering the mortality of pyloric stenosis is 
therefore education of the general practitioner to ensure that diagnosis will not be delayed. It must 
be remembered that the general practitioner, seeing on an average only one case every five or six 
years, cannot be expected to be an expert in the diagnosis of pyloric stenosis, and that, therefore, the 
feeling of a pyloric tumour, however important it may be in hospital medicine, plays little or no 
part in diagnosis in general practice. The student and practitioner should be taught to recognize 
vomiting due to underfeeding and mismanagement of breast or bottle technique; when vomiting 
occurs in the absence of mismanagement or despite its correction the general practitioner should be 
encouraged to seek pediatric help. 


Dr. Richard H. Dobbs: Of greater moment than the results of surgical versus medical treatment of 
pyloric stenosis is the success with which any treatment is carried out in the country as a whole, 
particularly in centres away from the limelight of published work with long series of successfully 
treated cases. 

The only report that I know of in which this was attempted, and which had this discussion as its 
objective, was, surprisingly enough, that by Ramstedt himself (1934). Over a long period of time 
and from a great number of hospitals he collected cases which had beer treated on the one hand 
surgically by the operation that bears his name, and on the other by a considerable variety of medical 
methods, in which atropine, though not Eumydrin, was often used. 

The following table is taken from his report:— 


Years Cases Mortality%, 

1919-28 Surgical 497 22°5 
Medical 1,345 16 

Total 1,842 17-9 

1929-33 Surgical 757 14-4 
Medical 1,675 9 

Total 2,432 10-7 

Total Surgical 1,254 17°7 


Total Medical 3,020 12-2 
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Ramstedt’s figures suggest not only that even twenty years after his technique was the only one 
employed throughout the world, medical treatment was still commonly practised; but also that its 
results were on the whole superior to those from surgery. 


The incidence of pyloric stenosis is known, and it is possible, as was suggested by Davison (19-6), 
to get an accurate idea of the mortality from pyloric stenosis in the country as a whole by reference to 
the Annual Reports of the Registrar-General. Wallgren (1941) assessed the frequency in Gothenburg 
to be about 4 per 1,000 live births, and, by similar methods, Davison obtained a frequency of almost 
3 per 1,000 live births in Newcastle. By multiplying the frequency by the number of live births the 
total number of cases of pyloric stenosis occurring in the country each year can be quite accurately 
assessed. The broken line in Fig. 1 shows this assessed number in the years 1937-48 inclusive, taking 
4 cases per 1,000 live births as a basis. The Registrar-General also makes a return of the annual 
notified deaths from pyloric stenosis for England and Wales. This appears in Fig. | as a continuous 
line. 


In Fig. 2, continuous line, the annual pyloric stenosis deaths are expressed as a percentage of the 
assessed incidence of pyloric stenosis in England and Wales for the years 1935-48—the last year for 
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which figures are available. It will be seen that though steady improvement has been going on since 
1941, until that year the death rate was well over 13°4, and that not until 1948 was there any appreciable 
improvement on Ramstedt’s figures for the five years 1929-33. 


Now, there has been no great innovation in either surgical or medical treatment of the condition 
itself in the last twelve years, nor any great improvement in pre- or post-operative management. 
There has, however, been a steady decline, temporarily interrupted by the war years, in the Infant 
Mortality Rate. Fig. 2, dotted line, shows the curve of the infant mortality rate per 1,000 live births, 
set alongside that for the death-rate from pyloric stenosis. The similarity of the two curves is striking, 
and it is tempting to conclude that the same factors influence both mortality rates rather than that 
any particular details of medical or surgical treatment greatly alter the results in pyloric stenosis. 
This conclusion is, of course, not new. Ever since Robert Hutchison (1910) pointed out that the 
mortality for cases treated in hospital was many times higher than for those treated in private practice, 
it has been repeatedly stressed that hospital infection is the real enemy of the infant suffering from 
pyloric stenosis. 


REFERENCES 
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HuTCcuison, R. (1910) Brit. med. J. (ii), 1021. 
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Mr. R. B. Zachary: Several factors have been suggested as contributing to the success of operative 
treatment: persistence with breast feeding, the avoidance of parenteral fluid, the use of electrolyte 
therapy, and of local anesthesia. Yet in the Children’s Hospital in Boston, Mass., where the figures 
compare favourably with those of any other centre, these factors do not obtain. 


The breast-fed baby is a rarity, general anesthesia is the rule, and it is given by nurse anesthetists 
in training. Every child has some parenteral fluid therapy, usually a combination of intravenous and 
subcutaneous fluids. Moreover, all the operations on hospital patients are done by the resident stiff 
including the internes, a feature which demonstrates the safety of the operative treatment even in 
inexperienced hands, provided a gdod standard technique is used. 
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Since coming to Sheffield I have abandoned general anesthesia in favour of infiltration with 0-5 % 
local anesthetic after sedation with 7 to 10 grains of chloral hydrate. I now feel sure that local 
anesthesia is better. The ill child will stand the procedure, pre-operative therapy is needed less often, 
the post-operative course is smoother, and babies are on full feeds and ready for home on the third day. 


Dr. J. H. Moseley: I would like to emphasize the value of rectal saline in the post-operative care 
of these babies. They are usually passing few stools and could be easily re-hydrated or have their 
chlorides restored in this way. With breast-fed babies I aim at returning them to breast feeding 
twenty-four hours after operation. 


Dr. J. J. Kempton: There seems to be much to be said for combined responsibility in treatment. 
The condition is one of feeding difficulty—with a mechanical factor—and the general surgeon is 
unlikely to have any special interest in the problems of baby feeding. In such a system, the pediatrician 
is responsible for diagnosis and pre-operative preparation. The surgeon, if he accepts the diagnosis 
and thinks the case suitable, operates; and the return to normal feeding in the shortest possible time 
is again the responsibility of the pediatrician, every effort being made to get the baby home by the 
fifth post-operative day. 


Dr. R. E. Bonham Carter: The pharmacology of Eumydrin is not completely understood. The 
pylorus is more responsive to changes of pH than to any other influence and I suggest that Eumydrin 
really acts indirectly by altering gastric secretion and hence the acidity of gastric juice. I wonder 
whether the line of treatment suggested by this idea had been explored. 


Dr. D. MacCarthy: I have often observed visible peristalsis after Ramstedt’s operation has been 
performed, which seems to indicate that the stomach is still acting in an abnormal way. I have 
had no experience of what happens on Eumydrin and I should like to ask the experts if visible 
peristalsis is abolished. 


Dr. Harold Waller: I have many times observed typical gastric peristalsis and projectile vomiting 
in the first fortnight of life, and their disappearance under treatment with Eumydrin. 


Mr. Ralph H. Gardiner (Aylesbury): I would draw attention to accidental perforation of the duodenal 
mucosa when the hypertrophic muscle is divided at operation. Provided that the perforation is 
recognized at the time and adequately dealt with, no ill-effects should result. Suture of the delicate 
mucous membrane is difficult, as the stitches tend to cut out, and I, personally, use a reinforcing stitch 
through the seromuscular coats. The stitch, although it appears to reunite the muscle, does not in 
my experience in any way detract from the success of the operation, and is an added safeguard. With 
regard to the choice of anesthetic, I always use a local (0-5°% novocain), and I think it better for 
the surgeon to give this himself, as, by so doing, the necessary time-interval to allow the anesthetic 
to work is assured, gowns and gloves being changed before towelling up and proceeding to the actual 
operation. 


Dr. J. H. Burkinshaw: What happens to the breast feeding when cases on medical treatment are 
retained in hospital for twenty days or more? The somewhat longer period of hospital stay in the 
Fumydrin cases seems on this account to be a point strongly against medical treatment. 


Dr. Harold Waller: If the method of expressing the breast milk is correctly taught the supply can 
be maintained long enough in such cases. 


[May 25, 1951] 


MEETING AT THE WESTMINSTER CHILDREN’S HOsPITAL, VINCENT SQUARE, S.W.1 


Laurence-Moon-Bied! Syndrome.—J. G. MILLICHAP, M.D., M.R.C.P. (for CHARLES F. HARRIS, 
M.D., F.R.C.P.). 


S. N., aged 4 years. British. 
a weight 7 Ib. Il oz. Obesity dating from 5 months of age. Night blindness. Spasmodic 
bronchitis. 


Family history.—Father and paternal grandfather—diabetes mellitus. Sister died at birth with 
polydactyly and other abnormalities. Brother aged 11 years is normal. Cousin (child of father’s 
twin brother) mentally defective and has double athetosis. Maternal cousins all obese. Paternal 
grandparents related. 














1064 Proceedings of the Royal Society of Medicine 





Examination.—Obesity of uniform distribution (Fig. 1). Weight 72 Ib. 
(normal 35 Ib.). Height 43 inches (normal for age 38 inches). Short hands 
and feet. Extra digit on each hand. Syndactyly of second and third toes of 
each foot. Genu valgum and pes planus. Small penis. Descended testes. 
Urine normal. 

Optic fundi (Mr. A. Seymour Philps).—The discs are pale and show 
congenital defects. In addition there is an absence of choroidal pigment, 
and the retinal arteries are very fine. The typical appearance of retinal 
pigment agglomeration is not present. 

Investigations.—X-ray of skui', pituitary fossa, and bone age are normal. 
Serum W.R. and Kahn negative. Glucose tolerance curve normal. No 
glycosuria. Urinary excretion of 17-ketosteroids 0-45 mg. per day, 20- 
ketosteroids 1-0 mg. per day. Fluid intake 48 fl. oz., urinary output 23 fi. 
oz., in twenty-four hours. Rhesus grouping (Dr. W. Brewer): Patient, OR; 
Mother, OR; Father, Or. 

Psychologist’s report. Unco-operative and in the backward group. [.Q. 
difficult to assess (Miss M. Holt). 

Comment.—The earliest reference to this condition appears in the 2nd book of 
Samuel, Chap. 21, Verse 20, in which there is mention of ‘‘a man of great stature, 
that had on every hand six fingers, and on every foot six toes, four and twenty in 
number”. Although the Hebrew word describing the stature is generally accepted ‘ . 
to signify tall, the Aramaic translation uses a word mashach, which means oily or Fic. 1.—Showing uniform 
fat. distribution of fat. 

Pliny, in his Natural History, also refers to a baby with six fingers and six toes. 

The cardinal signs of the syndrome, in order of their frequency, are obesity, retinitis pigmentosa, mental 
deficiency, genital dsytrophy, familial incidence and polydactyly. = 

In discussing the retinal appearances Laurence and Moon (1866) admit that by describing them as retinitis 
pigmentosa they have been guided rather by usage than by the intimate nature of the cases. In only 15% of 
cases (Clay, 1933) do the retinal changes conform with the classical picture of retinitis pigmentosa and these 
appear in the later stages of the condition. Lyle (1946) describes the early changes as non-pigmented retinal 
degeneration with loss of central vision. The peripheral pigmentation of the fundi in this case is minimal, 
but there is optic atrophy with fine retinal vessels and absence of choroidal pigment. 

The patient is of particular interest in that his sister, who died a few minutes after birth, was the subject 
of a communication by Dr. F. Parkes Weber and Dr. M. Scholtz (1939 and 1949). I wish to thank the authors 
for verifying this relationship and also for supplying me with a detailed account of the case. 

The bizarre combination of abnormalities in this infant included a congenital vesico-vaginal fistula with 
vaginal atresia, brachycephaly, polydactyly, hydrops foetalis and erythroblastosis. Extreme hemopoiesis in 
an enlarged liver of a non-syphilitic infant, and examination of the blood appeared to justify the diagnosis 
of erythroblastosis. At this time the rhesus factor was, of course, unknown. 

The occurrence of a rhesus or A.B. incompatibility as a possible etiological factor in the present case has 
been investigated and excluded; indeed, owing to the mother being rhesus positive and both parents Group O, 
it would appear most unlikely if any infant born to them could have erythroblastosis fcetalis. ’ 

I have discussed these findings with Dr. Parkes Weber. He agreed that, in the light of present evidence, 
the infant who died at birth was an example of the Laurence-Moon-Bied! syndrome, in which the occurrence 
of stillbirth or early death is by no means uncommon. 
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The following cases were also shown: 

Congenital Heart Disease—Central Cyanosis, Dextrocardia, Pulmonary Stenosis, Septal Defect. 

Dr. R. V. Gipson (for Dr. C. J. GAVEy). 

(1) Complete Transposition of Viscera with Dextrorotation of the Heart and Transposition of Grea‘ 

Vessels. (2) Tricuspid Atresia.—Dr. M. W. ARTHURTON (for Dr. I. M. ANDERSON). 

Lead Poisoning.—Dr. G. D. Rees (for Dr. CHARLES HARRIS). 
Case of Neuroblastoma and Case of Acute Leukemia. Comparison of Each.—Dr. K. LLEWELLIN (fo 

Dr. CHARLES HARRIS). 

(1) Infected Congenital Cyst of the Right Lung. (2) Infected Congenital Cyst of the Left Lung 

(3) Paratracheal Cyst. (4) Parabronchial Cyst.—Mr. D. H. WoopHEap (for Mr. C. PRICE THOMAS 
Fibrosarcoma.—Mr. T. M. Prossor (for Sir STANFORD CADE). 

Lymphosarcoma.—Mr. T. M. Prossor. 

(1) Simple Palate Cleft (Group II). (2) Unilateral Cleft of Lip and Palate (Group III, i). (3) Bilater2! 
Cleft of Lip and Palate (Group III, iii). Demonstration of Speech Results.—Mr. J. P. Reipy. 
(1) Urinary Incontinence Treated by Nerve Anastomosis. (2) Osteoporosis.—Dr. G. BUNTON (fo~ 
Mr. Davip Levi). 
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A Specimen of a Rhabdomyosarcoma of Uterus in a Child.—Mr. RONALD W. RAVEN. 
(1) Three Cases of Hydrocephalus. (2) Two Cases of Myelomeningocele. (3) Thoracic Meningocele. 
(4) Lumbar Meningocele. (5) Hydrocephalus, Myelomeningocele.—Mr. GEORGE MACNAB. 


Demonstration: 

A New Technique in the Diagnosis of Pertussis—Dr. ANDREW BOGDAN. 

The technique of supra-laryngeal swabs in the diagnosis of pertussis entails the patient coughing 
on to a swab held just above the opening of the larynx. This procedure simplifies effective repetition 
as no resentment is caused, and adds to diagnostic accuracy especially with swabs cultured on selective 
medium (Lacey, B. W. (1951) J. gen. Microbiol., 5, vi). 


[June 23, 1951] 


MEETING AT FARNBOROUGH HOSPITAL, FARNBOROUGH, KENT 


Preliminary Report on a Study of the Social Background of Healthy Children.—JoHN LANDON, 

M.R.C.S., D.P.H. 

THE Kent Pediatric Society are conducting an investigation into the Incidence and Causation of 
Health in 10-11-year-old school children (1,100) in the Borough of Bexley in conjunction with the 
Institute of Social Medicine, Oxford. 

Health is taken to mean soundnéss in body, mind and personality. We had (a) to find the healthy 
children and (6) to evolve a method of studying Causation. The first involved investigation into physical, 
mental and personality qualities. 

Physical status.—A medical examination with X-ray was given and a percentage mark allocated 
based on a specially devised marking form. Children scoring less than 90% were excluded from 
category of “‘Health”’. 

Mental status.—A\l children given intelligence test, those with I.Q. below 95 were excluded as above. 

Personality status—The Rorschach Ink Blot Test was adopted—group technique being used. 
Clinical examination by psychiatrist used to confirm conclusions whenever necessary. Failure in 
personality test excluded from category of “‘Health”’. 

Up-grading.—To find the healthy children up-grading marks to a maximum of 25 were awarded 
for each of the following: 

Physical status—Endurance tests by hanging bar and dynamometer applied and marks awarded 
in accordance with “‘pulling-up time” on basis of distribution curve for the group. 

Mental status.—On basis of I.Q. level. 

Personality status —Method of scoring devised on basis of seven positive factors of personality 
health and seven factors of mental pathology. 

The “honours” children were those with the highest marks out of a possible 175. A pass group 
and failed group were also ascertained. 

In regard to Causation, this was approached through application of a questionnaire including 
environmental, economic, social, genetic and cultural factors and applied by doctors at personal 
interviews with both parents and child in all three groups (200). The results transcribed for treatment 
by Power Samas technique at Institute of Social Medicine, Oxford. 

A number of collateral investigations are also being pursued. 

A report will be issued in due course. 


Practical Problems in the Management of Erythroblastosis—Rurus C. THomas, F.R.C.S.Ed., 
F.R.C.O.G., and D. G. Leys, B.A., D.M., F.R.C.P. 

Mr. Rufus C. Thomas described the arrangements at Farnborough Hospital for dealing with 
erythroblastosis. The hospital receives cases from other large maternity units in the area and expects 
to deal with about 30 cases of erythroblastosis a year. 

The policy as regards induction and treatment of the cases is settled by consultation between 
Obstetric and Pediatric staffs and the Pathologist, each case being considered on its merits from the 
thirtieth week. In general the policy has been to avoid induction for the first affected child unless a 
steep rise in the albumin antibody, and especially a subsequent fall, seems to indicate a severely 
affected case. Although the time interval between induction and delivery was sometimes as much as 
a week, he did not think that cesarean section was justifiable. He agreed with P. L. Mollison’s view 
that sensitization to the Rhesus factor was not proper grounds for sterilization. 


Dr. D. G. Leys said that present policy in the Unit was exchange transfusion for every case shown 
to he Coombs positive, if the cord hemoglobin was less than 100%. He drew attention to two deaths 
experienced by the Unit from hemorrhage, both following exchange transfusion, and suggested that 
sine banked blood had been used, the deaths were probably due to prothrombin deficiency. Twitching 
2 face or limbs at the time of birth, or during an exchange transfusion, was not necessarily an indication 
of | ernicterus. 
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The morbidity of replacement transfusion had not been fully worked out. It remained impossible 
to estimate accurately the severity of erythroblastosis from ante-natal data, and it was still necessary 
to treat each case, both as regards induction and transfusion, on its merits. 


Studies of Diphtheria Immunization in Young Infants.—KeITH J. RANDALL, M.D. 

Durinc the last five years, in co-operation with workers at the Wellcome Research Laboratories, 
certain problems in connexion with the immunization of young babies have been studied. Cord 
blood samples from 15 different districts in England have been examined for their diphtheria antitoxin 
content in order to gain information regarding passive immunity given to infants, and other factors. 

The rate of loss of passive antitoxin has been followed in some 30 infants taking repeated bleedings 
at two-monthly intervals, and a steady logarithmic loss of 13-9°% per week found. The passive antitoxin 
present at any age can now be calculated if the cord blood value is known. Babies have been immunized 
with A.P.T. receiving the first injection at varying ages from birth to 8 months and having different 
amounts of passive antitoxin present at the time of the first injection. Of 24 babies, 7 days old at the 
time of the first injection and having less than 0-02 unit passive antitoxin, 22 produced 0-1 unit or more, 
while of 61 other infants (ages varying from 6 weeks to 8 months) and also having less than 0-02 unit 
passive antitoxin 42 produced 0-1 unit or more. Three babies with 0-1 unit and one baby with 0-2 
unit at the time of the first injection failed to respond. Thus babies at birth respond as well as older 
infants to A.P.T. provided that not more than 0-04 unit passive antitoxin is present at the time of 
the first injection. 

Throughout this work blood antitoxin levels are being used as it is felt that for research purposes 
Schick values give insufficient information to be of any worth. The babies have been bled by heel-prick 
while attending routine infant welfare clinics. 

Further work on this subject is proceeding. 


The Psychiatrist in the Pediatric Clinic [Abstract] —KENNETH CAMERON, M.R.C.P.Ed., and Gorpon 
PrINcE, M.R.C.P.I., The Bethlem Royal and Maudsley Hospital. 

Dr. K. Cameron regretted that the close liaison between child psychiatrist and pediatrician 
which is obviously desirable was less common than might be anticipated. He suggested that while 
the pediatrician was guilty of a preoccupation with the physiological and organic, the child 
psychiatrist was equally responsible in that he tended to an exclusive preoccupation with the emotional 
and psychological. In tracing the history of the Child Guidance Movement the initial impetus had 
been towards these relatively unexplored fields. He considered that the fundamental contribution of 
the child psychiatrist is the recognition of the child’s dependence on family background and environ- 
ment and suggested that the two branches were united by a concept that recognized the child as 
responding to the internal and external environment in its development, behaviour, and symptoma- 
tology. 


Dr. Gordon Prince described the arrangements by which a psychiatric unit worked within the 
pediatric clinic at Farnborough, and he gave an analysis of a group of cases seen in the pediatric clinic 
emphasizing the relatively large proportion that could be dealt with on an incisive, direct and short- 
term basis there. He demonstrated the high proportion of the mothers of these children who showed 
a variation from the normal attitude towards their child and also of those mothers who were themselves 
currently showing emotionally determined symptoms. This information was accessible to normal 
sympathetic enquiry into the mother’s health and current stresses. The speaker underlined the 
importance of this assessment. 


Terramycin in the Treatment of Pneumonia in Children.—P. N. Swirt, M.R.C.P. 
TWENTY-FIVE children suffering from pulmonary infections, irrespective of bacteriology, were 
treated with oral terramycin, by rota, in dosages of 5, 10, 15 or 25 mg. per Ib. of body-weight, six- 
hourly, for four to eight days. Latterly two loading doses, twice the amount of the maintenance, were 
given. 5 mg. per lb. was soon found to be inadequate and was omitted from the schedule. Serum 
concentrations did not bear a consistent relation to dosage. : ; 

Results.—In all (15) children with lobar or bronchopneumonia (except one who was incubating 
measles) subsidence of acute signs was rapid and fever disappeared in one to two days. Those (7) 
who received 25 mg./Ib. or more also made complete clinical and radiological recovery. Of those (8) 
who received 15 mg./Ib. or less two relapsed on stopping treatment and in three the chest was not 
clear radiologically after twenty-one days. These failures were considered not to be due to differences 
in age, type of disease or duration of treatment, but to inadequate dosage. The impression was gained 
that a loading dose was beneficial. 

In 5 children with infected collapse, infection was rapidly controlled. A case of staphyloco.cal 
pneumonia, complicated by tension pneumothorax which had shown no response to penicillin, made a 
rapid complete recovery on a dosage of 15 mg. per Ib. 2 cases of acute exacerbation in bronchiectasis 
were treated. An infant of 9 months, having failed to improve with penicillin and aureomycin. 
responded immediately to terramycin (50 mg./Ib.). A second child failed to show any benefit fi rom 
penicillin, aureomycin or terramycin (10 mg./Ib.). Two infants with acute bronchitis responded weil. 
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wer Polymyxin in Influenzal Meningitis.—P. N. Swirt, M.R.C.P. 
: E:GuT children suffering from bacteriologically proven H. influenze meningitis were treated with 
Polymyxin (one with Polymyxin B and seven with Polymyxin E). 
Polymyxin was administered intrathecally and intramuscularly. The intrathecal dose found to be 
tories, satisfactory has been 40,000 units daily. For the first two days a second daily injection is thought to 
Cord be desirable. Injections by this route are discontinued two to five days after sterilization of the C.S.F. 
toxin To each dose made up in 2 ml. of water is added 2,500 units of penicillin as a prophylactic against 
Actors. secondary infection by Gram-positive bacteria. The intramuscular dose is based on the scale of 
edings 7,500-10,000 units per kilo of body-weight every four hours. 
toxin Side-effects from intrathecal injection —Two patients showed a mild non-specific meningeal reaction 
inized insufficient to justify changing treatment, and a third who received 60,000 unit doses and fibrinokinase 
se developed a more marked reaction, which disappeared rapidly on stopping the drugs. 
vag Results.—All patients responded to Polymyxin; the C.S.F. becoming sterile in eight to seventy-two 
> unit hours, clinical improvement being apparent in one to four days. 7 made rapid, complete recoveries, 
th 0-2 but one died from an intercurrent pneumococcal infection. 3 patients had residual hypotonia of the 
older legs which resolved in one to three months. There were no permanent sequele and no cases of relapse. 
ime of 
ware [July 13, 1951] 
The Indications for Streptomycin and Para-aminosalicylic Acid 
IRDON in Primary Tuberculosis in Children [Abstract] 
—_ By Professor ROBERT DEBRE 
_ while 
child (Paris) 
= PROFESSOR Despre based his lecture on his own experience and that of his colleagues, H. E. Brissaud, 
fame af P. Mozziconacci, S. Kaplan, and H. Noufflard. 


alee. The therapeutic uses of PAS and streptomycin presented, he said, different problems. In employing 
a as streptomycin the most important point was the possibility of the development of resistant strains of 
tubercle bacilli in the lesion, and for this reason the danger of giving streptomycin to those cases of 


eeu primary tuberculosis that are bound to heal by themselves, cannot be over-emphasized, especially the 
- danger of insufficient treatment or of too low dosage and too short duration. 

natiaie Treatment with Streptomycin:—He felt that the wisest policy was to limit streptomycin therapy to 
duet those cases that are of particular severity, namely: 

howed (i) Primary tuberculosis with widespread dissemination in the older age-group. 

sesives (IT) Any primary tuberculosis in children under 2 years. ne 

ormal (1) Primary tuberculosis with widespread dissemination.—He distinguished two forms: 


sd the (a) Acute form of miliary tuberculosis (high temperature, X-ray picture with innumerable very 
: small shadows evenly scattered throughout both lungs, multiple choroidal tubercles both fundi). 
This type he considered not the most frequent. Of 46 such cases all but 10 had meningitis on admission 
or later. 

(b) Subacute form of miliary tuberculosis. In these the X-ray shadows are a little larger, of unequal 


3 ee size and less evenly distributed, with stippling of both lungs either heavily or more discretely, sometimes 
; an showing a thin network between the shadows (“aspect granulo-réticulé”). 
Serum _ It is in the latter more discrete forms that spontaneous recovery can occur and that bone and 
joint or lymph-node localizations are not infrequent; but the frequency of tubercles of the choroid 
bating and of meningeal involvement, though not quite as great as in the acute form, shows that there is 
ee (7) nevertheless a dangerous dissemination. Of 46 such cases showing tubercles of the choroid 34 developed 
ose (8) meningitis, whilst of 39 with no choroid tubercles 15 developed meningitis. 
os net He had treated 134 cases of miliary tuberculosis with streptomycin up to February 1, 1950: 63 
aenen had died. The X-ray picture always showed a complete clearing in two to six months while choroid 
gai wee tubercles healed and the general condition improved within the same period. He had seen only 2 
cases of relapse of miliary tuberculosis. One recovered after a further course. The other died. 
coceal in view of the paucity of symptoms of meningitis in these cases of miliary tuberculosis during intra- 
nade 8 muscular streptomycin treatment the necessity of routine lumbar punctures was specially emphasized. 
ectasis The routine treatment adopted was as follows: ee ek ; 
ech, 1) 50 mg. per kilo per day intramuscularly in 3 injections, but seldom more than 1 gramme. This 
from treatment is discontinued only after complete clearing of the X-ray picture, healing of choroid tubercles, 
soll Satisfactory temperature, normal sedimentation rate and weight gain. Treatment is seldom stopped 


be!ore six months. 
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(2) As soon as meningitis is discovered, 10 to 50 mg. are given intrathecally (according to age), 
twice daily for about a week, and then once a day. The intrathecal treatment is stopped only after 
spinal fluid has returned to normal. 

It was difficult to decide whether or not to treat cases of primary tuberculosis without X-ray 
appearances of miliary spread but with enlarged spleen or tubercles of the choroid. Streptomycin 
was given if choroid tubercles were found but not if splenic enlargement alone was present. 

It was an absolute rule that streptomycin treatment once started should be continued at least four 
months. 

(Il) Primary tuberculosis in children under 2 years.—The reasons given for treating these children 
were as follows: 

(a) oe agreement that primary tuberculosis is more severe under 2 years and especially under 
6 months. 

(b) It is difficult in this age-group to detect general dissemination by X-rays (which are liable to be 
technically imperfect) or by examination of the fundus. 

(c) Meningitis is very common and has a very bad prognosis, due in part to the difficulty of early 
recognition. 

Does treatment mitigate and shorten the illness of primary tuberculosis, decrease the mortality 
and reduce the incidence of meningitis? If so do these advantages outweigh the risk of streptomycin- 
resistant meningitis? These questions were answered to some extent, he thought, by a study of 26 
cases (the majority aged less than one year). Thus, temperature, weight curve and sedimentation rate | 
always improved, but slowly and only after the second month of treatment. The majority of these 
children had high temperatures, poor general condition with severe loss of weight. 5 cases with 
severe dyspnoea improved remarkably in the first days of treatment. Radiologically there was no 
evidence of any influence of treatment on the pulmonary lesion. Only one had a recurrence. There 
was only one death. 

The one fatal case died of tuberculous meningitis, which developed after three wanes treatment, 
due to a highly streptomycin-resistant tubercle bacillus. There was no other case of meningitis 
in this group, only a slight meningeal reaction in one but no tubercle bacilli were found in 
the C.S.F. 

It need not be concluded, however, that meningitis developing during treatment is necessarily 
streptomycin-resistant. He had treated 4 cases of tuberculous meningitis, from other sources, which 
had appeared while on treatment for primary tuberculosis and the organism proved to be sensitive 
to streptomycin. 

Treatment with PAS.—Although it was difficult to prove that in primary tuberculosis, PAS in 
combination with streptomycin delayed the development of streptomycin resistance, he thought it 
advisable to give it with streptomycin. 

On the strength of the good results he had seen personally in pulmonary tuberculosis he favoured 
treatment with PAS alone in any cases where the general condition was rather poor, temperature 
not falling, sedimentation rate remaining high, loss of weight severe and X-ray changes extensive. 
He had seen good tolerance for the drug and most satisfactory results but still did not know how much 
to attribute to bed-rest and how much to PAS. 


Résumé.—Le Pr. Debré rapporte son expérience et celle de ses collaborateurs H. E. Brissaud, P. Mozziconacci, 
S. Kaplan et H. Noufflard. 

Traitement par la Streptomycine-—A cause du risque de développement de bacilles résistants a la Strepto- 
mycine, l’auteur limite les indications aux cas sévéres, c’est-a-dire: 

1) Tuberculose initiale avec dissémination: 

—aigué miliaire, avec tuberculose miliaire de la choroide et méningite trés fréquente, 
—ou subaigué, granulo-réticulée, avec localisation méningée encore fréquente surtout dans les formes avec 
tubercules choroidiens. 

134 tuberculoses miliaires ont été traitées avant le Ier février 1950, avec 63 morts. La tuberculose miliaire 
radiologique et oculaire guérit en 6 mois. Deux rechutes, dont une curable, I’autre mortelle. La P.L. doit 
étre systématique pour dépister la méningite qui est trés latente. 

Traitement: 50 mgr/kilo par jour intra-musculaire en 3 injections, habituellement sans dépasser I gr., jusou’a 
guérison, rarement moins de 6 mois. Si wr ajouter injections rachidiennes (10 a 50 mgr. selon I'd: ge), 
2 puis | par jour, jusqu’é normalisation du L.C.R 

2) Tuberculose initiale chez les enfants de moins de 2 ans. 

a cause de: 

—gravité, 

—difficulté de reconnaitre la dissémination, 
—fréquence et gravité de la méningite 

Sur 26 cas traités, une mort par méningite a bacilles résistants; pas d’autre méningite. 

Traitement par le P.A.S.—1) En association avec la streptomycine dans l’espoir de diminuer le risque de 
résistance. 

2) Dans tous les cas d’une certaine sévérité, mais les résultats sont difficiles 4 évaluer. 








